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Unemployment rates in the United States remain near a 25-year high and global unemployment is rising.
Previous studies have shown that unemployed persons have an increased risk of death, but the
magnitude of the risk and moderating factors have not been explored. The study is a random effects
meta-analysis and meta-regression designed to assess the association between unemployment and all-
cause mortality among working-age persons. We extracted 235 mortality risk estimates from 42 studies,
providing data on more than 20 million persons. The mean hazard ratio (HR) for mortality was 1.63
among HRs adjusted for age and additional covariates. The mean effect was higher for men than for
women. Unemployment was associated with an increased mortality risk for those in their early and
middle careers, but less for those in their late career. The risk of death was highest during the first
10 years of follow-up, but decreased subsequently. The mean HR was 24% lower among the subset of
studies controlling for health-related behaviors. Public health initiatives could target unemployed
persons for more aggressive cardiovascular screening and interventions aimed at reducing risk-taking
behaviors.

� 2011 Elsevier Ltd. All rights reserved.
According to the United States Department of Labor, the US
unemployment rate was 9.6% in August 2010 (compared to 5.8% in
July 2008), remaining near its highest level in 25 years (United States
Department of Labor, 2010). As of July 2010, the unemployment rate
was7.1% inCanada, 5.3% inAustralia, 4.9% in Japan,9.6% inFrance, 7.3%
in Germany, 8.5% in Italy, 4.4% (June 2010) in the Netherlands, 8.4% in
Sweden, and 7.8% (May 2010) in the United Kingdom (U.S. Bureau of
Labor Statistics, 2010). Even before the 2008e2009 economic crisis,
the United Nations International Labor Organization estimated that
unemploymenthad reachedahistorical high in2006 (UnitedNations
News Centre, 2007). The London Times estimated that, as a result of
the current economic crisis, the number of unemployed worldwide
could climb further, from 179 million in 2007 to 230 million
(Mortished, 2009). This recent rise makes understanding the health
effects of unemployment particularly important.

Over the last 4 decades the study of unemployment and its
associationwithhealthandmortalityhasexpanded significantly (see
Hanisch,1999 for an early comprehensive review on unemployment
research). Whether unemployment is causally related to mortality
Roelfs).

All rights reserved.
remains an open question (Janlert, 1997; Lundin, Lundberg, Hallsten,
Ottoson, & Hemmingsson, 2010; Martikainen, 1990; Martikainen,
Maki, & Jantti, 2007; Moser, Goldblatt, Fox, & Jones, 1987), and
recent research has begun to focus on possible confounding, medi-
ating, and moderating factors.

One important line of research has been exploring the role of
health behaviors such as smoking and alcohol consumption on
unemployment and health. This research has generated two major
hypotheses regarding the relationship between unemployment
and health behaviors. The first, the “coping hypothesis”, argues that
unemployment causes adverse changes in health behaviors, which
in turn lead to deterioration of health (e.g. Hammarstrom, 1994).
The second, a “latent sickness hypothesis”, suggests that the
unemployment-mortality association is spurious because pre-
existing health behaviors lead to both unemployment and adverse
health (e.g. Jusot, Khlat, Rochereau, & Sermet, 2008).

A second important line of research explores the role of macro-
level economic factors in the unemployment-health relationship.
National welfare and unemployment policies are thought to play
a moderating role, with the negative effects of unemployment being
substantially reduced in nations with more generous financial
support systems (Bambra & Eikemo, 2009; Gerdtham&Ruhm, 2006;

mailto:david.roelfs@stonybrook.edu
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Jantti,Martikainen,&Valkonen,2000;Stuckler, Basu, Suhrcke,Coutts,
& McKee, 2009). In addition, some researchers have focused on
regional and national unemployment rates as a moderator, finding
harsher personal unemployment effects when there are relatively
few others who are also unemployed (Gerdtham & Johannesson,
2005; Martikainen et al., 2007; Martikainen & Valkonen, 1996;
Novo, Hammarstrom, & Janlert, 2001). Others have reported a seem-
ingly paradoxical relationship, noting that dangerous health behav-
iors decline when the unemployment rate is high (e.g. Ruhm, 2000).

Despite its extensiveness, only one systematic review of the
unemployment literature has been conducted (see Jin, Shah, &
Svoboda, 1995). This review, however, was qualitative in nature
and examinedmultiple health outcomes. A systematic, quantitative
review of the association between unemployment and mortality,
arguably the most important outcome, has not yet been conducted.
While most studies found that unemployment is associated with
decreased longevity, there is no consensus on the magnitude of the
association for any sub-group population, and reported relative
risks range from 0.68 to 4.83. Furthermore, there is little consensus
with respect to which of the possible mediating, moderating, and
confounding variables matter most. Meta-analysis is well suited to
address this important research problem. Ample cross-study vari-
ability now exists to analyze sub-groups and to assess the effects of
potential confounding, mediating, and moderating variables.

Mediating and confounding health factors in unemployment
research

Early work on the association between unemployment and
mortality suggested that the relationship is causal (Moser et al.,
1987). More recent work, however, has called this into question
and the issue of causation remains unsettled (Martikainen, 1990;
Martikainen et al., 2007). Many studies, for example, have docu-
mented that persons with pre-existing health conditions are more
likely to become and remain unemployed (Bartley & Owen, 1996;
Bockerman & Ilmakunnas, 2009; Claussen, 1993; Salm, 2009).
Browning, Moller-Dano, and Heinesen (2006) also reported that
unemployment did not lead to hospitalization for stress-related
diseases. While it has also been found that persons with health
problems fare better in the long-run if they maintain or regain
employment (Bartley, Sacker, & Clarke, 2004; Huber, Lechner, &
Wunsch, 2010), this body of work suggests that pre-existing health
may be a common cause of both unemployment and mortality.

Yet many studies continue to find an association between
unemployment and mortality even after controlling for pre-exist-
ing health status. Whether these provide evidence of a causal link is
still uncertain, and much of the debate over causation vs. spurious
association has focused on health behavior variables. Unfortu-
nately, the vast majority of individual-level studies of unemploy-
ment and health behaviors is cross-sectional and cannot be used to
adjudicate between these two hypotheses. Furthermore, many of
the macro-level studies of unemployment rates and aggregate
health behavior measures cannot be used as they lack individual-
level data on health behaviors, health outcomes, and employment
status (Catalano & Bellows, 2005). We therefore focus the review
below on studies with individual-level data.

The latent sickness hypothesis

Many researchers continue to argue that the unemployment-
mortality association is spurious. These scholars argue that health
selection into unemployment operates through health behavior
variables rather than in a direct manner (i.e. the “latent sickness
hypothesis”) (Jusot et al., 2008). For example, if the health problems
associated with high levels of drug, alcohol, and tobacco
consumption manifest themselves only after the onset of unem-
ployment, controlling for pre-existing health status would not
effectively rule out health selection. In support of this view, studies
have shown repeatedly that individuals with higher levels of
smoking, drinking, and recreational drug use are more likely to
become unemployed (Fergusson & Boden, 2008; Hammer, 1997;
Hoffmann, Dufur, & Huang, 2007; Leino-Arjas, Liira, Mutanen,
Malmivaara, & Matikainen, 1999; Montgomery, Bartley, Cook, &
Wadsworth, 1996; Morris, Cook, & Shaper, 1992).

The latent sickness hypothesis is also supported, indirectly, by
evidence that the income reduction associatedwith unemployment
actually leads to positive changes in health behaviors (see Temple
et al., 1991). Reduced drinking and smoking have been found
among the long term unemployed (Fagan, Shavers, Lawrence,
Gibson, & Ponder, 2007; Hammer, 1992; Liira & Leino-Arjas, 1999).
Furthermore, improved physical activity levels have been found
among the recently unemployed (Jurj et al., 2007; Matoba, Ishitake,
& Noguchi, 2003). Other studies have found no change in health
behaviors, either positive or negative, resulting from unemploy-
ment (Gallo, Bradley, Siegel, & Kasl, 2001; Goel, 2008; Iribarria, Ruiz,
Pardo,&SanMartin, 2002;Peretti-Watel&Constance, 2009;Rehm&
Gmel, 1999; Rodriguez & Chandra, 2006; Virtanen et al., 2008).

The coping hypothesis

Other researchers, however, continue to argue for causation,
claiming that health behavior variables actually represent an
important mediating mechanism through which unemployment is
translated intomortality (i.e. the “coping hypothesis”). According to
this view, individuals cope with unemployment stress by changing
their consumption patterns in unhealthy ways (Hammarstrom,
1994; Laitinen, Ek, & Sovio, 2002; Viinamaki, Niskanen, &
Koskela, 1997), particularly individuals with low socioeconomic
status prior to the onset of unemployment (Kendzor et al., 2008)
and younger persons (Morrell, Taylor, & Kerr, 1998). Individuals
with low social status are thought to be particularly prone to
negative coping because they feel that this type of stress-relief is all
they have left (Peretti-Watel & Constance, 2009).

A large body of work supports the coping hypothesis. First,
multiple studies have found that alcohol consumption and binge
drinking rise following unemployment (Claussen, 1999). This is
especially true among men (Hammarstrom & Janlert, 2003;
Mossakowski, 2008; Virtanen et al., 2008), less educated people
(Broman, Hamilton, Hoffmann, & Mavaddat, 1995), young persons
(Janlert & Hammarstrom, 1992), and those involuntarily unem-
ployed (Ettner, 1997). Second, unemployed persons, especially
young men, are also more likely to increase their level of smoking
(Barnes & Smith, 2009; Bolton & Rodriguez, 2009; Falba, Teng,
Sindelar, & Gallo, 2005; Hammarstrom & Janlert, 1994, 2003;
Montgomery, Cook, Bartley, & Wadsworth, 1998; Reine, Novo, &
Hammarstrom, 2004). Unemployed smokers are less likely to
attempt smoking cessation (Weden, Astone, & Bishai, 2006) and are
more likely to relapse from smoking cessation efforts (Falba et al.,
2005). Finally, unemployed persons are more likely to increase
their use of illicit drugs (Alegria et al., 2004; Hammer, 1992;
Merline, O’Malley, Schulenberg, Bachman, & Johnston, 2004) or
begin using drugs (Crofts, Louie, Rosenthal, & Jolley, 1996; Green,
Doherty, Reisinger, Chilcoat, & Ensminger, 2010).

Negative health consequences may also arise through the
tendency of people to react to unemployment by reducing their
personal spending. Research has shown that unemployed persons
often substitute poorer quality diets for better ones. This may result
in obesity (Laitinen, Power, Ek, Sovio, & Jarvelin, 2002), or in
unhealthy weight loss (Bolton & Rodriguez, 2009). Some have even
found that the threat of unemployment alone was enough to
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cause increased body mass index (BMI) (Ferrie, Shipley, Marmot,
Stansfeld, & Smith, 1998). Once unemployed, increased BMI
creates a feedback loop, as those who are judged as overweight
have difficulties in finding work (Johansson, Bockerman, Kiiskinen,
& Heliovaara, 2009; Paraponaris, Saliba, & Ventelou, 2005) and
increased BMI may therefore lead to permanent labor force with-
drawal (Alavinia & Burdorf, 2008).

The present study seeks to assess the impact of potential medi-
ating, moderating, and confounding factors on the association
between unemployment status andmortality. First, we evaluate the
impact of pre-existing health status and health behaviors, variables
that are central to the current debates in the literature. Using meta-
analysis, we compare results from studies that controlled for health
and/or health behaviors with other studies that did not. Second, in
light of the literature on the potential moderating effects of national
health care systems, we compare study results between countries
with national health care systems and those without. Finally, we
assess the potentialmoderating roles of gender, age, time, follow-up
duration, and case/control group composition on the unemploy-
ment-mortality association. In each instance,we capitalize on cross-
study variability to assess the impact of key factors. Becoming
unemployed may also have a mediated effect on health due to the
psychosocial stress of being forced into a lower social status
(Fineman, 1979; Martikainen & Valkonen, 1996), but this mediating
factor is often assumed rather than empirically examined, and is
therefore beyond the scope of the present study.

Methods

Search strategy and coding procedures

In June 2005, we conducted a search of electronic bibliographic
databases to retrieve all publications combining the concepts of
psychosocial stress, including unemployment, and all-cause
42 publications included in meta-analysis 
of unemployment and all-cause mortality

~12,000 titles 
identified in 

bibliographies of 
coded publications

1,570 publications 
identified by 

original keyword 
search

227 publications 
tentatively met 
study inclusion 

criteria

48 publications 
tentatively met 
study inclusion 

criteria

145 
excluded

18 
excluded

82 
coded

30 
coded

Total pool of 262 publications f
stress and all-cause m

Keyword Search

Fig. 1. Flow d
mortality. We re-ran the electronic keyword searches in these
databases in July 2008 and completed the search and coding stages
in January 2009. We used 100 search clauses for Medline, 97 for
EMBASE, 81 for CINAHL, and 20 for Web of Science. See Section 1 of
Appendix for the full search algorithm used for Medline (infor-
mation on the remaining search algorithms are available from
authors upon request). We identified 1570 unique publications.
Using these results as a base, we iteratively hand-searched the
bibliographies of eligible publications; the lists of sources citing an
eligible publication; and the sources identified as “similar to” an
eligible publication. Hand-searching was ongoing for three and
one-half years and was completed after 8 iterations (the full
description of this iterative search protocol is documented and
available from the authors upon request).

The electronic database searches were performed by a research
librarian. Two authors (DR and ES) trained in systematic review
coding procedures (Lipsey &Wilson, 2001; Stock,1994) determined
publication eligibility and extracted the data from the articles,
consulting a third author (JS) when required (see Section 2 of
Appendix for additional details regarding coding procedures and
variables for which data were sought). Any unpublished work
encountered was considered for study inclusion. Although our
searchwas done in English, wewere able to locate and translate the
relevant portions of 35 publications written in German, Danish,
French, Spanish, Dutch, Polish, or Japanese. Fig. 1 summarizes the
number of publications considered at each step of the search
process. The full database contains 262 publications examining the
associations between various stressful events and all-cause
mortality. To evaluate coding accuracy we randomly selected and
recoded 40 of these publications (including 446 point estimates). Of
the point estimates, 98.6% were free of coding errors.

The present analysis uses the subset of articles (n¼ 42) that
reported the association between unemployment and all-cause
mortality. Forty of these publications appeared in peer-reviewed
220 publications containing stress 
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Table 1
Studies included in the analyses.

Publication Data source Sample size Years Unemployment
measure used

Comparison
group

Average
HRa

No. of
HRs

No. of HRs controlling for:

Health
(any)

Health
behaviors

SES
(any)

Ahs and Westerling (2006) Swedish Survey of Living Conditions 44,407 1984e2000 Unemployment Employed 1.28 6 3 0 3
Anson (2004) Census, 1991 (Belgium) 391,299 1991e1996 Not workingb Employed 1.88 6 0 0 6
Blakely et al. (2006) Census, 1996 (New Zealand) 2,676,000 1996e1999 Unemployment Employed 1.23 2 0 0 2
Costa and Segnan (1987) Census, 1981 (Italy) 1,117,154 1981e1985 Unemployment Employed 2.61 2 0 0 0
Farmer et al. (1996) Corpus Christi Heart Project (U.S.) 596 1988e1992 Not working Employed 2.17 3 3 3 0
Gardner and Oswald (2004) British Household Panel Survey 3695 1991e2001 Unemployment Employed 1.00 4 2 2 4
Gerdtham and Johannesson (2003) Swedish Survey of Living Conditions 27,994 1980e1996 Unemployment Employed 7.20 2 1 0 1
Gognalons-Nicolet, Derriennic, Monfort,

and Cassou (1999)
Office of Geneva Residents (Switzerland) 820 1984e1996 Unemployment Employed 3.30 2 2 0 2

Helweg-Larsen, Kjoller, and Thoning (2003) Danish National Cohort Study 6693 1987e1999 Not working Employed 1.42 1 1 1 0
Herring, Bonilla-Carrión, Borland, and Hill (2008) Census, 2000 (Costa Rica) 3,744,486 2000e2005 Unemployment Employed 1.07 2 0 0 2
Hirokawa, Tsutusmi, and Kayaba (2006) Jichi Medical School Cohort Study (Japan) 11,081 1992e2002 Not working Employed 1.45 18 6 6 6
Iversen et al. (1987) Census, 1970 (Denmark) 2,006,774 1970e1980 Unemployment Employed 1.57 8 0 0 0
Jenkinson, Madeley, Mitchell, and Turner (1993) Anglo-Scandinavian Study of Early

Thrombolysis (U. K.)
1376 1986e1990 Unemployment Employed 1.84 3 0 0 0

Johnson, Finney, and Moos (2005) Original data (U.S.) 3698 5 years Not working Employed 1.53 2 2 2 0
Kivimaki et al. (2003) 10-Town Study (Finland) 92,351 1990e2001 Unemployment Employed 2.02 4 0 0 2
Lavis (1998) Panel Study of Income Dynamics (U.S.) 5544 1968e1992 Unemployment Employed 2.26 8 0 0 8
Manor, Eisenbach, Peritz, and Friedlander (1999) Israel Longitudinal Mortality Study 72,527 1983e1992 Not working Employed 1.85 2 0 0 1
Manor, Eisenbach, Israeli, and Friedlander (2000) Israel Longitudinal Mortality Study 79,623 1983e1992 Not working Employed 1.43 2 0 0 1
Martikainen (1990) Census, 1980 (Finland) 4,779,535 1980e1985 Unemployment Employed 2.17 2 1 0 1
Martikainen and Valkonen (1996) Census, 1990 (Finland) 2,500,000 1987e1993 Unemployment Employed 2.28 30 0 0 22
Martikainen et al. (2007) Statistics Finland labor market data file 159,736 1994e2002 Unemployment Employed 1.25 12 0 0 0

1989e1997
Masudomi, Isse, Uchiyama, and Watanabe (2004) Original data (Japan) 375 1994e1999 Unemployment Employed 4.12 2 1 0 0
Morrell, Taylor, Quine, Kerr, and Western (1999) Australian Longitudinal Survey 5997 1984e1988 Unemployment General popul. 2.81 5 3 0 3
Morris, Cook, and Shaper (1994) British Regional Heart Study 6191 1978e1990 Unemployment Employed 2.37 3 1 1 1
Moser et al. (1984) OPCS Longitudinal Study (U.K.) 161,699 1971e1981 Unemployment General popul. 1.27 4 0 0 2
Moser et al. (1986) OPCS Longitudinal Study (U.K.) 161,699 1971e1981 Unemployment General popul. 1.28 4 0 0 0
Moser et al. (1987) OPCS Longitudinal Study (U.K.) 161,699 1971e1981 Unemployment General popul. 1.26 5 0 0 0
Nylen, Voss, and Floderus (2001) Swedish Twin Registry 20,632 1973e1996 Unemployment Employed 2.13 16 8 8 0
Orth-Gomer, Johnson, Unden, and Edwards (1986) Swedish Survey of Living Conditions 17,364 1976e1981 Not working Employed 1.59 1 1 0 1
Palloni and Arias (2004) National Health Interview Survey (U.S.) 39,014 1986e1997 Unemployment Employed 1.24 2 0 0 2
Pensola and Martikainen (2003) Census, 1990 (Finland) 123,216 1990e1998 Unemployment Employed 2.31 2 0 0 0
Pensola and Martikainen (2004) Census, 1990 (Finland) 186,408 1990e1998 Unemployment Employed 2.72 6 0 0 2
Regidor, Calle, Dominguez, and Navarro (2001) c Census, 1996 (Spain) 3,110,121 1996e1998 Not working Employed 2.05 8 0 0 4
Robinson, Lloyd, and Stevens (1998) Original data (U.K.) 2104 1985e1997 Unemployment Employed 2.48 4 2 0 2
Singh and Siahpush (2001) National Longitudinal Mortality Study (U.S.) 301,183 1979e1989 Not Working Employed 4.63 6 0 0 3
Sorlie and Rogot (1990) National Longitudinal Mortality Study (U.S.) 452,192 1979e1983 Unemployment General popul. 1.10 10 0 0 2
Sorlie, Backlund, and Keller (1995) National Longitudinal Mortality Study (U.S.) 530,507 1979e1989 Unemployment Employed 1.19 12 0 0 6
Spence (2006) d National Longitudinal Survey of Mature

Women (U.S.)
3258 1967e2001 Unemployment Employed 1.61 1 1 0 1

Stefansson (1991) Swedish Survey of Living Conditions 47,701 1980e1986 Unemployment Employed 1.77 6 0 0 0
Tsai, Lan, Lee, Huang, and Chou (2004) National health insurance

and unemployment
insurance programs (Taiwan)

185,162 2001e2002 Unemployment Employed 1.96 3 3 0 3

Voss, Nylen, Floderus, Diderichsen,
and Terry (2004)

Swedish Twin Registry 20,632 1973e1996 Unemployment Employed 1.44 12 4 4 0

Weitoft, Haglund, and Rosen (2000) Census, 1990 (Sweden) 712,479 1990e1995 Unemployment Employed 0.83 2 0 0 0

Abbreviations: HR, hazard ratio; OPCS, Office of Population Censuses and Surveys.
a Average HRs were obtained by calculating the unweighted average of all mortality risk estimates for a given study after conversion into HRs.
b Denotes a combination of unemployed persons and those not in the labor force.
c Original publication in Spanish.
d Unpublished dissertation.
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journals; 1 in a book chapter; and 1 in an unpublished dissertation.
One publication was translated from Spanish in consultation with
a native speaker; the remaining 41 publications were in English
(Table 1). Other subsets of the database of 262 publications were
used to produce analyses of war-related stress (Roelfs, Shor,
Davidson, & Schwartz, 2010), widowhood (Roelfs, Shor, Curreli,
Clemow, Burg, & Schwartz, in press), marital dissolution (Shor,
Roelfs, Bugyi, & Schwartz, unpublished), and other psychosocial
stressors.

Statistical methods and inclusion criteria

For the present analyses, a study was included if the outcome
variable was all-cause mortality, unemployment was measured at
the individual level (rather than at the neighborhood level), and
a clear comparison was made between a group of people who
experienced unemployment and another group who either did not
experience unemployment at all or experienced it to a lesser
degree. As shown in Table 1, most studies compared unemployed
persons with employed persons, while a few compared unem-
ployed persons with the general population.We examinedwhether
this distinction affected the estimated association between unem-
ployment and mortality.

Statistical methods varied from study to study, necessitating the
conversion of odds ratios, rate ratios, standardized mortality ratios,
relative risks, and hazard ratios (HRs) into a common metric (See
Section 3 of Appendix). For 63 of the 235measures of mortality risk,
the death rate information required for conversion to a common
metric was not reported. In these cases, the required death rate was
estimated using multiple regression analysis (see Section 4 of
Appendix). Sensitivity analyses were performed to examine the
possible effect of including or excluding studies for which an esti-
mated death rate was used in the conversion to a common metric.

As is standard practice, we used the standard errors reported in
the publications to calculate the inverse variance weights (See
Section 5 of Appendix). When not reported, standard errors were
calculated using (1) confidence intervals, (2) t statistics, (3) c2

statistics, or (4) p-values. When upper-limit p-values were the only
estimate of statistical significance available (e.g. in cases where we
knew only that the p-value lay somewhere between 0.01 and 0.05),
the midpoint of the upper and lower limits was used to estimate
the p-value. In 24 cases, no measure of statistical significance was
reported and standard errors were estimated using multiple
regression (See Section 4 of Appendix). An indicator variable was
created so analyses could be conducted both with and without data
points where the standard error was estimated.

Quality was assessed using the Newcastle-Ottawa scale for
nonrandomized trials (Wells et al., 2009). Two authors (DR and ES)
also independently rated each publication, the average from these
two ratings being used in the analysis.

Q-tests, I2 tests, and examinations of the unexplained hetero-
geneity variance component were used to assess the presence and
magnitude of heterogeneity in the data (Huedo-Medina, Sanchez-
Meca, & Marin-Martinez, 2006). Q-test results from preliminary
analyses revealed substantial heterogeneity across studies’ effect
sizes. In light of this all meta-analyses and meta-regression anal-
yses were calculated by maximum likelihood using a random
effects model and sensitivity analyses were conducted using the
variables identified by the meta-regression models as significant
sources of heterogeneity. Analysis was performed with statistical
software (PASW, version 18.0) using matrix macros provided by
Lipsey and Wilson (2001). The possibility of selection and publi-
cation bias was examined using a funnel plot of the log HRs against
sample size. Funnel plot asymmetry was tested using Egger’s test
(Egger & Davey-Smith, 1998). Due to the heterogeneity in the data,
funnel plot asymmetry was also tested using weighted least
squares regressions of the log HRs on the inverse of the sample size
(Moreno et al., 2009; Peters, Sutton, Jones, Abrams, & Rushton,
2006).

Analyses performed include meta-analyses of sub-groups,
bivariate meta-regression analyses, and multivariate meta-regres-
sion analyses. The covariates used in the analyses were dictated by
data availability. Variables such as race or ethnicity, which were
used as grouping variables or included in interaction terms in only
a small number of studies, could not be used in the analyses.
Likewise, variables summarizing the prevalence of smoking or
drinking, and other health behavior variables that would have been
useful for additional analyses of confounding, were not reported
and could therefore not be examined. The following independent
variables were used in these analyses: (1) whether death rate was
estimated (yes or no); (2) whether standard error was estimated
(yes or no); (3) proportion of respondents who were male; (4)
mean age of sample at baseline; (5) age of the study (i.e. years
elapsed since the beginning of baseline), divided by 10; (6) time
elapsed between the end of baseline and the beginning of follow-
up; (7) maximum follow-up duration; (8) type of comparison
group; (9) geographic region; (10) sample size, log transformed;
(11) Newcastle-Ottawa Scale rating (range, 0e9); and (12) a series
of variables indicating whether sex, age, socioeconomic status, and
health were statistically controlled.

Results

Table 1 provides summary information on the 42 publications
included in this study. This table is presented in lieu of the standard
meta-analysis forest plot because of space limitations and the
inherent difficulty in garnering data heterogeneity information
from a plot that contains 235 point estimates and confidence
intervals. The mean relative risk from each of the 42 publications,
however, was included in Table 1 in the interest of providing
information fromwhich some heterogeneity observations might be
made. The forest plot is available from the authors on request.

Table 2 provides descriptive statistics on the 235 mortality risk
estimates included in this study. Data were obtained from 42
studies, published between 1984 and 2008, covering 15 countries
(mostly in Europe and North America), and representing more than
20 million persons. The majority of persons analyzed were men,
and almost all were of working-age at baseline. The average follow-
up duration across all studies was 9.02 years. Of the HRs analyzed,
the mean 5-year impact factor was 5.59 and the mean number of
citations received per year since publication was 2.68. The mean
score on the Newcastle-Ottawa Scale was 7.76.

Table 3 presents the results of a number of meta-analyses (See
Table 4 for sample size information). All analyses were stratified by
the level of statistical adjustment of the risk estimate. Persons who
experienced unemployment were significantly more likely to die
than the comparison group. The mean unadjusted HR was 2.08
(95% confidence interval [CI], 1.77e2.43; n¼ 40 risk estimates);
age-adjusted HR, 1.59 (95% CI, 1.42e1.77; n¼ 75); and HR adjusted
for age and additional covariates, 1.63 (95% CI, 1.49e1.79; n¼ 120).
These results show that unemployment is associated with a 63%
higher risk of mortality in studies controlling for covariates. Table 3
also shows that the exclusion of data where either the death rate or
the standard error had to be estimated does not alter the direction,
magnitude, or level of statistical significance of the mean HRs.

sub-group meta-analyses and meta-regression analyses

As described at the end of the methods section, data on the
prevalence of high BMI, smoking, drinking, drug use, or other



Table 2
Distribution of mortality risk estimates in the analysis by selected variables.

Variable Distributiona

Publication date
1980e1989 10.2
1990e1999 38.3
2000e2008 51.5

Level of statistical adjustment
Unadjusted 17.0
Adjusted for age only 31.9
Adjusted for age and additional covariates 51.1

Sex
Women only 33.6
Men only 47.2
Both 19.2

Mean age of study sample at baseline (y)
<40 31.5
40e49.9 51.5
50e64.9 14.4
�65 2.6

Baseline start year
1960e1969 2.1
1970e1979 35.7
1980e1989 33.4
1990e2001 28.8

Years elapsed between end of baseline and start of follow-up
0 80.4
>0 19.6

Comparison group
Employed only 91.1
General population 8.9

Nation
Denmark, Finland, and Sweden 46.7
United States 18.7
United Kingdom 11.5
Japan and Taiwan 9.8
Belgium, Italy, Israel, Spain, and Switzerland 9.5
Australia and New Zealand 3.0
Costa Rica 0.9

Maximum follow-up time (y): first quartile 5.0
Median 8.0
Third quartile 10.5

Death rate estimated?
Yes 26.8
No 73.2

Standard error estimated?
Yes 10.2
No 89.8

Mean Newcastle-Ottawa scale rating 7.76

a Values are percentages unless indicated otherwise, n¼ 235 hazard ratios.
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health factors was not available for analysis. However, comparisons
between the subset of our data where health was directly
controlled (n¼ 45 HRs) or where health-related behaviors were
controlled (n¼ 27 HRs) and the remaining data still provides
results relevant to the debate between the coping hypothesis and
the latent sickness hypothesis. Table 5 presents the results of the
meta-regression analyses, which provide a multivariate test for
differences between key sub-groups. Model 1 shows that there was
no significant difference in HR magnitude between studies that
controlled for any measure of health and the remaining studies
(p¼ 0.1236). Model 3, however, shows that the mean HR was 24%
lower for studies that controlled for one or more health behaviors,
when compared to the remaining studies (p¼ 0.0159). These
results suggest that health behaviors may confound the unem-
ployment-mortality association to some degree. However, the
results also indicate that pre-existing health behaviors and
conditions do not account for 100% of the relationship between
unemployment and mortality (see the discussion for more on this
issue).

Previous studies suggested that gender is a key moderating
variable for the unemployment-mortality association. Preliminary
examinations of individual studies revealed qualitative differences
between the magnitude of HRs for men and for women, suggesting
that women and men be analyzed separately. Table 3 shows that
unemployment was associated with an increased risk of death
when HRs were adjusted for age and additional covariates.
However, gender-specific analyses show that the magnitude of the
associationwas greater for men (HR, 1.78; 95% CI, 1.56e2.02; n¼ 54
HRs) than for women (HR, 1.37; 95% CI, 1.17e1.60; n¼ 36). Model 3
of Table 5 confirms that the proportion of a sample that is male had
a significant impact on the magnitude of the HR. The risk of death
for men was 37% higher than that for women (p< 0.001).

Previous research has also suggested that agemaymoderate the
association between unemployment and mortality. We therefore
also conducted sub-group analyses based on average age at base-
line. As shown in Table 3, unemployment was associated with a 73%
increased risk of all-cause mortality for people under the age of 40
years who were in their early careers (HR, 1.73;95% CI, 1.41e2.11;
n¼ 29) and a 77% increased risk for those between the ages of 40
and 50 years who were in mid-career (HR, 1.77; 95% CI, 1.59e1.98;
n¼ 70). The association was substantially reduced for those
between the ages of 50 and 65 years whowere near the end of their
working careers (HR, 1.25; 95% CI, 1.03e1.52; n¼ 19). The results of
themeta-regression analysis (Model 3 of Table 5) show a significant
effect for mean age (a 6% decrease for each additional 10 years;
p¼ 0.0165) confirm this finding, with HR magnitude being
approximately equal between the youngest and the middle age
group (p¼ 0.4394) but 26% lower for the oldest age group
(p¼ 0.0016).

While follow-up duration has not often been explored in the
literature as a moderating factor, preliminary examinations of
individual studies suggested that the association between unem-
ployment and mortality may change as time passes. Sub-group
analyses based on follow-up duration (Table 3) show that people
who experienced unemployment had a 73% higher risk of death
during the first 5 years of follow-up (HR, 1.73; 95% CI, 1.44e2.06;
n¼ 30). The elevation of risk of death remained approximately the
samewhen the follow-up duration averaged 5 to 10 years (HR,1.76;
95% CI, 1.55e2.00; p< 0.001; n¼ 47) but then decreased to a 42%
elevation of risk in studies with a follow-up of more than 10 years
(HR, 1.42; 95% CI, 1.22e1.64; n¼ 43). However, the meta-regression
results indicate that there was no significant trend associated with
follow-up duration (p¼ 0.3476).

Furthermore, the type of comparison group used may also have
an effect on the magnitude of the mean HR. Preliminary compari-
sons of individual studies confirmed this, leading us to also
examine sub-groups results based on the type of comparison group
used. The mean HR was much higher when the comparison group
was employed persons only (HR, 1.75; 95% CI, 1.54e1.98; Table 3)
than when the comparison group was the general population (HR,
1.24; 95% CI, 1.01e1.51). The results of meta-regression analysis
(Table 5) confirm this, showing that HRs were 32% lower when the
general population was used as the comparison group (p< 0.001).
Table 3 also shows that the risk of death was marginally lower
when studies excluded persons not in the labor force (HR, 1.60; 95%
CI, 1.45e1.76) thanwhen studies included a mixture of unemployed
persons and thosewhowere not in the labor force (HR,1.73; 95% CI,
1.46e2.04). However, the meta-regression analyses (Table 5) show
that when unemployed persons were combined with persons not
in the labor force the HR increased by 46% (p< 0.001) once other
study-level factors were controlled.



Table 3
Meta-analyses.a

Data Unadjusted Adjusted for age only Adjusted for age
and additional covariatesb

All available data 2.08 (1.77, 2.43) 1.59 (1.42, 1.77) 1.63 (1.49, 1.79)
Non-estimated death rate only 2.04 (1.73, 2.40) 1.48 (1.30, 1.68) 1.66 (1.48, 1.86)
Non-estimated standard error only 2.08 (1.77, 2.43) 1.67 (1.48, 1.89) 1.69 (1.54, 1.85)

Sex
Women only 1.62 (1.25, 2.09) 1.31* (1.10, 1.56) 1.37 (1.17, 1.60)
Men only 2.38 (1.85, 3.08) 1.79 (1.56, 2.05) 1.78 (1.56, 2.02)

Average age (y)
<40 1.84 (1.37, 2.48) 1.66 (1.39, 1.97) 1.73 (1.41, 2.11)
40e49.9 2.25 (1.87, 2.71) 1.77 (1.51, 2.08) 1.77 (1.59, 1.98)
50e65 1.64*** (0.97, 2.76) 1.33** (1.02, 1.74) 1.25** (1.03, 1.52)

Mean follow-up duration (y)
�5 1.70* (1.15, 2.52) 1.50 (1.26, 1.80) 1.73 (1.44, 2.06)
5.1e10 2.65 (2.15, 3.25) 1.83 (1.55, 2.15) 1.76 (1.55, 2.00)
>10 1.58 (1.22, 2.04) 1.37* (1.12, 1.67) 1.42 (1.22, 1.64)

Comparison group
Employed 2.09 (1.79, 2.45) 1.75 (1.54, 1.98) 1.63 (1.50, 1.78)
General population e 1.24** (1.01, 1.51) e

Unemployment measure
Unemployed only 1.75 (1.48, 2.08) 1.58 (1.41, 1.77) 1.60 (1.45, 1.76)
Unemployed or not in labor force 3.76 (2.75, 5.14) 1.62 (1.25, 2.10) 1.73 (1.46, 2.04)

* p� 0.01.
** p� 0.05.
*** p> 0.05.

a All meta-analyses were calculated by maximum likelihood using a random effects model. See Table 4 for information on sample sizes for each analysis. Values are
presented as mean hazard ratio (95% confidence interval). Unless indicated otherwise p� 0.001. Ellipses indicate situations where n� 1 andmeaningful mean HR could not be
calculated.

b The number and type of covariates varies between studies.
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Sensitivity analysis

The between-groups Cochrane’s Q for the meta-analysis of all
235 HRs was statistically significant (p¼ 0.0149) and the I2 statistic
was quite high (I2, 76.2; 95% CI, 22.1e92.8), indicating that impor-
tant moderating variables exist and supporting the decisions to use
random effects models and conduct sub-group meta-analyses. As
shown in Table 4, the Q-tests for these sub-group meta-analyses
were statistically significant only for statistically-unadjusted HRs.
Table 4
Tests of heterogeneity and sample size information for the meta-analyses reported in Ta

Unadjusted

n Q-test p-value

All available data 40 0.001
Non-estimated death rate only 35 0.000
Non-estimated SE only 37 0.000

By sex
Women 13 0.024
Men 13 0.015

By average age (y)
�40 12 0.466
40e49.9 23 0.000
50e65 5 0.957

By mean follow-up duration (y)
�5 7 0.750
5.1e10 18 0.000
>10 15 0.529

By comparison group
Employed 39 0.000
General population 1 e

By unemployment measure
Unemployed only 31 0.090
Unemployed or not in labor force 9 0.002
In all of the remaining sub-group analyses however, Q-tests and I2

tests were non-significant, indicating that heterogeneity was
adequately accounted for by the use of a random effects model.
Since the discussion of the meta-analysis focused on HRs adjusted
for age and additional covariates, the results discussed above are
not an artifact of heterogeneity in the data.

To be conservative however, meta-regressions were used to
examine other possible sources of heterogeneity in the data. The
model fit statistics for Model 3 of Table 5 (R2, 0.3702; p< 0.001 for
ble 3.

Adjusted for age only Adjusted for age and additional
covariates

n Q-test p-value n Q-test p-value

75 0.892 120 0.999
59 0.996 78 0.999
60 0.950 114 0.999

30 0.755 36 0.956
44 0.896 54 0.939

33 0.993 29 0.958
28 0.254 70 0.999
10 0.877 19 0.817

27 0.475 30 0.917
27 0.395 47 0.993
21 0.993 43 0.914

55 0.770 120 0.999
20 0.999 0 e

61 0.747 90 0.991
12 0.360 30 0.911



Table 6
Meta-analyses stratified by gender and age.a

Gender Mean age HR (95% CI) n Q-test p-value

Women Less than 40 1.73* (1.41, 2.11) 19 0.937
40e49.9 1.34* (1.15, 1.56) 14 0.233
50e65 0.94 (0.80, 1.11) 9 0.999

Men Less than 40 1.95* (1.69, 2.26) 26 0.398
40e49.9 1.86* (1.63, 2.12) 14 0.842
50e65 1.17** (1.00, 1.36) 11 0.365

* p� 0.001.
** p� 0.05.

a Analyses based on 93 hazard ratios that were statistically-adjusted for age or
had an age range smaller or equal to 35 years, did not use the general population as
the control group, did not include persons not in the labor force in the case group,
andwere from studies with less than a one year gap between the end of baseline and
the beginning of follow-up.

Table 5
Bivariate and multivariate meta-regression analyses predicting the magnitude of the effect of unemployment on mortality.a

Variable Multivariate model 1 Multivariate model 2 Parsimonious modelb

Death rate estimated? (1, Yes; 0, No) 1.00 (0.44, 2.80) 1.00 (0.86, 1.18) e

Standard error estimated? (1, Yes; 0, No) 0.84 (0.64, 1.08) 0.83 (0.64, 1.08) e

Proportion of sample that is male (0 to 1) 1.35* (1.18, 1.54) 1.35* (1.19, 1.54) 1.37* (1.21, 1.56)
Mean age of study sample at baseline (reference group, <40) e e e

40e49.9 0.99 (0.83, 1.18) 0.99 (0.83, 1.18) 1.06 (0.92, 1.22)
50e65 0.70** (0.56, 0.87) 0.70* (0.56, 0.86) 0.74** (0.61, 0.89)

Study age (per 10 y) 1.02 (0.93, 1.13) 1.02 (0.92, 1.13) e

Years between end of baseline and start of follow-up 1.06** (1.02, 1.10) 1.05** (1.01, 1.10) 1.06* (1.03, 1.10)
Years between end of baseline and end of follow-up 0.99 (0.97, 1.01) 0.99 (0.97, 1.01) e

Comparison group (1, general population; 0, employed persons) 0.67** (0.50, 0.88) 0.66** (0.50, 0.87) 0.68* (0.55, 0.83)
Unemployment measure (1, any non-working; 0, unemployed only) 1.49* (1.23, 1.79) 1.51* (1.25, 1.82) 1.46* (1.27, 1.69)
Region (reference group, other developed nations) e e e

United States 1.02 (0.82, 1.28) 1.03 (0.83, 1.29) e

Scandinavia 1.00 (0.78, 1.27) 1.01 (0.79, 1.29) e

Controlled for sex (1, Yes; 0, No) 0.89 (0.71, 1.11) 0.87 (0.70, 1.09) e

Controlled for age (1, Yes; 0, No) 0.83*** (0.70, 0.97) 0.84*** (0.72, 0.99) 0.84*** (0.72, 0.97)
Controlled for socioeconomic status (reference group, no controls) e e e

Controlled for only education or only income (1, Yes; 0, No) 1.48 (0.99, 2.23) 1.24 (0.87, 1.77) 1.17 (0.87, 1.58)
Controlled for two or more SES measures (1, Yes; 0, No) 0.87 (0.76, 1.00) 0.87*** (0.75, 1.00) 0.87*** (0.77, 0.98)

Controlled for health e e e

Controlled for any health status variable (1, Yes; 0, No) 0.84 (0.67, 1.05) e e

Controlled for health behaviors specifically (1, Yes; 0, No) e 0.75*** (0.58, 0.96) 0.76*** (0.60, 0.95)
Log of sample size 1.01 (0.97, 1.05) 1.00 (0.96, 1.04) e

Newcastle-Ottawa quality rating 1.05 (0.96, 1.14) 1.05 (0.96, 1.14) e

Constant 1.11 1.25 1.62*
R2 0.3875 0.3974 0.3702
Unexplained heterogeneity variance component 0.0972* 0.0959* 0.1017*

* p� 0.001.
** p� 0.01.
*** p� 0.05.

a All meta-regressions were calculated by maximum likelihood using a random effects model. N¼ 235 hazard ratios for all analyses. Numbers reported are the expo-
nentiated regression coefficients (exponentiated 95% confidence intervals). Ellipses indicate situations when a variable was not entered into a model.

b Obtained using backwards elimination, variables removed if p> 0.10.
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the Cochrane’s Q of the model) indicate that this model captured
a very substantial portion of the heterogeneity in the data. Never-
theless, the unexplained heterogeneity variance component for this
and the other models shown in Table 5 was highly significant (each
p< 0.001), confirming the need to use a random effects model for
all analyses.

As reported earlier, health behaviors, sex, mean age, and the
composition of the case and control groups moderate the mean HR.
Model 3 of Table 5 shows that other significant moderators include
the time elapsed between the end of baseline and the beginning of
follow-up (a 6% increase in risk for each additional year;
p¼ 0.0006), whether the risk estimate was adjusted for age (a 16%
decrease when age was controlled; p¼ 0.0159), and whether the
risk estimate was adjusted for socioeconomic status (a 13%
decrease when SES was well-controlled; p¼ 0.0265). While HRs
from the United States and the Scandinavian nations are over-
represented in the data, the results do not seem to be biased by this
factor as there was no significant difference in HR magnitude
between either region and the remaining nations (p¼ 0.7707 and
p¼ 0.9216, respectively).

Of the 235 HRs, 93 were statistically-adjusted for age or had an
age range smaller or equal to 35 years, did not use the general
population as the control group, did not include persons not in the
labor force in the case group, were from studies with less than a one
year gap between the end of baseline and the beginning of follow-
up, andwere from studies inwhichmen andwomenwere analyzed
separately. These 93 HRs were then grouped according to sex and
age group, the resulting six sub-groups subjected separately to
meta-analysis (see Table 6). The mean HR among women under the
age of 40 was 1.73 (95% CI, 1.41e2.11; n, 19), was 1.34 (95% CI,
1.15e1.56; n, 14) when the mean age was 40 to 49.9 years, and was
0.94 (95% CI, 0.80e1.11; n, 9) when the mean age was 50 years or
above. The mean HR among men under the age of 40 was 1.95 (95%
CI, 1.69e2.26; n, 26), was 1.86 (95% CI, n, 14) whenmean agewas 40
to 49.9 years, and was 1.17 (95% CI, 1.00e1.36; n, 11) when the mean
age was greater than or equal to 50 years. In all six meta-analyses,
the Q-test was not significant and the I2 statistic was not signifi-
cantly different from zero, indicating homogeneity in the data. The
high correspondence between these six more conservative meta-
analyses and the full sample meta-analyses reported in Table 3
further confirm that heterogeneity in the sub-group data was not
a major problem.

Discussion

Our findings show that unemployment was associated with an
increased relative risk of all-cause mortality. We show that the risk
of death was 63% higher among those who experienced
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unemployment than among those who did not, after adjustment
for age and other covariates. Before proceeding to a more detailed
discussion of the specific findings, however, some important limi-
tations must be considered.

Limitations

There is also an unknown degree of nonreporting of non-
significant findings (also known as the file-drawer effect) and
selection bias that may affect the results (Berman & Parker, 2002;
Egger & Davey-Smith, 1998). For example, some may suggest that
the inclusion of studies based on census data is problematic
because their analyses often rely on comparisons with the general
population, as opposed to the employed population. While this is
a valid point, we have tried to control for this by including the
appropriate indicator variables in the analysis. To guard against
other aspects of selection bias, we excluded no publications con-
taining data on the association between unemployment and
mortality. As with all meta-analyses however, some studies of the
association between unemployment and mortality will have been
missed. The funnel plot of the log HRs against sample size appears
asymmetric around the mean HR, suggesting significant selection
bias (Fig. 2). The results of Egger’s test indicated significant funnel
plot asymmetry (p< 0.001). However, recent simulation studies
indicate that heterogeneity in the data (such as is the case here)
produces misleading Egger’s test results (Moreno et al., 2009;
Peters et al., 2006; Terrin, Schmid, Lau, & Olkin, 2003). Using
Peters’ test (Moreno et al., 2009; Peters et al., 2006), we regressed
the log HRs on the inverse of the sample size. The results of this
second test indicated non-significant levels of funnel plot
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asymmetry after data heterogeneity had been taken into account
(p¼ 0.993). Given the discrepancy in the results of the two tests,
however, caution is warranted in the interpretation of the results.

Another limitation stems from the reliance on studies with
observational designs, which limit the ways in which one can
account for potential confounders. None of the studies of unem-
ployment were randomized clinical trials, as unemployment is not
a “treatment” one induces. In the worst case scenario, the use of an
observational design creates the risk that one or more highly
important confounding factors are not accounted for and the results
of the studyarebiased (Egger, Schneider,&Davey-Smith,1998). Even
when important factors are controlled, differences in themethod of
control between studies have the potential to affect the results of
a meta-analysis. For example, Model 3 in Table 5 shows that the
method for controlling for socioeconomic status affects the magni-
tude of the HR. While the HR associated with unemployment is
elevated across all levels of control for SES, the mean HR was 13%
lower among the subset which measured SES using two or more
factors. There is a danger of systematic bias in our results due to our
reliance on studies with observational designs and due to the
different methods used to control for confounders in the studies we
examined. However, this danger is reduced by our efforts to account
for the mediating, moderating, and confounding factors that have
thus far been investigated in the literature.

Discussion

Three findings from our study support the idea that the pathway
between unemployment and mortality is not completely spurious,
and could be consistent with a causal association. First,
1.00 2.00 3.00

Hazard Ratio (Log)
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unemployment remains associated with an increased risk of death
even after the exclusion of individuals who were not in the labor
force. This supports Moser et al.’s (1987) finding that elevated risk
levels among the unemployed were not simply an artifact of
misclassification. Second, the lack of significant difference between
the subset of our data where health was directly controlled (n¼ 45
HRs) and the remaining data (p¼ 0.1236) suggests that pre-existing
health problems were not, in a broad sense, the common cause of
both unemployment and mortality. These findings are consistent
with those of Lundin et al. (2010), who reported that a substantial
portion of the association between unemployment and mortality
remained even after accounting for possible confounding factors.
However, our regressions indicated that the 27 HRs that controlled
for health behaviors were 24% lower than the remaining HRs
(p¼ 0.0159). This latter result provides limited support for the latent
sickness hypothesis. Health-related behaviors existing at baseline
account for a portion of the unemployment-mortality association
and are clearly important to include in future studies. However, the
copinghypothesis provides a betteroverall explanationas the lackof
large differences in HR magnitude suggests that the post-unem-
ployment pathway exerts a stronger effect on mortality outcomes.
The method available to us for the testing of these competing
hypotheses, while suggestive of the overarching patterns, cannot
provide definitive evaluations of these hypotheses.

The results of this systematic review confirm our early expecta-
tions that the estimated adverse association between unemploy-
ment andmortality would not be uniform across all sub-groups and
studies.Meaningful differenceswereobservedbyagegroup, gender,
follow-up duration, time period, geographic region, and case and
control group composition.

First, mean HRs were higher for those in their early and middle
careers (an increased risk of 73% and 77%, respectively) but lower
for persons in their late careers (only a 25% increase in risk),
a finding consistent with those of earlier reports (Iversen,
Andersen, Andersen, Christoffersen, & Keiding, 1987; Moser, Fox,
& Jones, 1984; Sorlie & Rogot, 1990). This pattern may be the
result of a smaller net increase in stress among older workers, who
often hold jobs with above average stress levels and who may have
already been contemplating retirement (Brenner & Levi, 1987). The
pattern may also result from health selection into retirement
among older workers (Disney, Emmerson, & Wakefield, 2006),
a process that leads to the overrepresentation of healthier older
persons in the workforce. Some caution must be exercised when
interpreting this finding. When the underlying death rates are very
high in both the case and control groups (as is the case at older
ages), ratio statistics such as the HR lack statistical power to detect
group differences. However, this is not likely a problem in the
present study because we focus on the working-age population.
The death rates remain low enough to enable ratio-type measures
such as HRs to detect differences in death rates between the
employed and unemployed.

Second, this studyconfirms that themagnitudeof the association
between unemployment and mortality is higher for men than for
women (an increased risk of 78% vs. 37%). There are two possible
explanations for this finding. First, the labor force participation rate
forwomen is considerably lower than formen inmostnations. Being
engaged in unpaid labor at home or employed as part-time or on
a temporary basis may provide less health protection than full-time
work. Thedata canbeused topartiallyevaluate thisfirst explanation.
Thedifferencebetweenmen’s andwomen’s labor forceparticipation
rates is particularly low in the Scandinavian nations, and if this first
explanation is valid one would expect to see a correspondingly
smaller difference between men’s and women’s relative mortality
risk. To test thiswe includedan interaction termbetweengenderand
Scandinavian region in a separate meta-regression (not shown in
tables, but using the same covariates as Model 2 in Table 5). The lack
of significance for the interaction term (p¼ 0.8156) suggests that
absolute differences in the labor force participation rate between
men and women do not account for differences in the relative
mortality risk. A second explanation for the gender gap in relative
mortality risksmaybe thatemployment status remainsmore central
to men’s identities than to women’s despite the continuing upward
trend in women’s participation in the formal labor market. This
explanation cannot be evaluated with our data.

Third, the association between unemployment and mortality is
significant in both the short and long term. While the meta-analysis
results showed a decrease in the mean risk of mortality in those
studies where the follow-up period exceeded 10 years (the risk
dropped from 76% to 42%), this trend was not significant in the final
meta-regression model (p¼ 0.3476). This finding must be appr-
oached conservatively as it may result from the fact that many of the
studies included in the meta-analysis were cross-sectional. In cross-
sectional studies theemployment status reportedatbaseline tends to
become less and less accurate as time passes. In other words, group
differences may become obscured over time because some of those
who initially reported being unemployed later foundwork and some
who were employed at baseline (and served as the comparison
group) later lost their jobs. The constancy of the mean relative risk
over time, however, does lend some support to the hypothesis and
previous findings that both the stress and the negative lifestyle
effects associated with the onset of unemployment tend to persist
even after a person has regained a job (Bolton & Rodriguez, 2009;
Cohen et al., 2007; Janicki-Deverts, Cohen, Matthews, & Cullen,
2008; Khan, Murray, & Barnes, 2002; Montgomery et al., 1998;
Wadsworth, Montgomery, & Bartley, 1999).

Fourth, the results of the meta-regression analyses show no
significant changes in the magnitude of the unemployment-
mortality association over the last four decades, as shown by the
lack of a significant association between the age of a study and the
magnitude of the HR (Model 2 of Table 5; p¼ 0.6972). Despite
dramatic changes in the composition of the workforce and in work
environments over this period (such as women’s increased labor
market participation, changing government unemployment poli-
cies, and the general trend towards more part-time and temporary
jobs), the association between unemployment and mortality
remained unchanged.

Fifth, the results of the meta-regressions suggest that differ-
ences between national welfare and health care systems may not
translate into differences in the magnitude of the unemployment-
mortality association. Ideally, this question would be tested using
a direct measure of national health system scope. While this data
was not available for our analyses, the geographic region variables
can be used to partially assess the hypothesis. Among the nations
represented in this study (see Table 2 for a complete list), only the
United States lacks some form of universal health coverage.
Furthermore, unemployment benefits in the United States tend to
be less generous than in most of the other nations examined. In
contrast, public health care coverage is most comprehensive in the
Scandinavian nations. If the degree of coverage provided by
national welfare and health care systems was related to the
unemployment-mortality association, one would expect to see
significant differences in HR magnitude between the U.S. and the
Scandinavian nations. The lack of a significant difference between
themean HR for the U.S. (p¼ 0.7707), Scandinavia (p¼ 0.9216), and
the remaining nations suggests that these national-level policy
differences may not have much of an effect on the rate of mortality
following unemployment. This result should be treated conserva-
tively and should not be extrapolated to populations in developing
countries, as almost all the data came from studies of the developed
world.
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Finally, the composition of both the cases and controls was
important. When comparing unemployed persons with the general
population, the effect is much smaller than when comparing
unemployed persons with employed persons (the risk decreases
from 75% to 24%). This is to be expected because the general pop-
ulation, while primarily consisting of employed persons, also
includes some unemployed persons and individuals who are not in
the labor force (e.g. early retirees, the disabled, homemakers, and
students). Furthermore, the mean risk of death increases (from 60%
to 73%) when those who are not in the labor force are mixed with
the unemployed. This confounds the stress of unemployment with
health status and other factors that may influence themagnitude of
the association. These findings suggest that future studies of the
unemployment-mortality association must strive to include only
unemployed persons as cases and only employed persons as
controls. The quality of study design is critical for assessing the risk
of death among unemployed persons because this risk tends to be
understated if cases or controls are not both precisely specified.

Conclusion

This study shows that unemployment was associated with
a substantially increased risk of death among broad segments of the
population. Future research should continue to focus on possible
mediating, moderating, and confounding factors and on whether
this risk is modifiable, either at the health system level or the
individual level. Until more is known about the mechanisms by
which this association occurs, more proactive primary prevention
screening and interventions among the unemployed are needed.
Due caution is warranted, however, as Dorling (2009) suggests that
some interventions, such as low-wage work programs, appear to
exacerbate the hazard of dying due to unemployment. However,
studies suggest that cardiovascular screening programs among the
unemployed, interventions aimed at increasing unemployed
persons’ awareness of behavioral risk factors (Hanewinkel, Wewel,
Stephan, Isensee, & Wiborg, 2006), and stress-management
programs (aimed at preventing risk-taking behavior that leads to
the observed increase in injury rates among the unemployed) may
be particularly beneficial. Studies such as the current one are
particularly important in the current economic climate, with many
national unemployment rates exceeding 10% and expected to
remain elevated for some time. Much work remains to be done
using more detailed specifications of unemployment for which
systematic data could not be found. Studies should be conducted in
developing nations, where welfare and health care systems are
much less developed and unemployment may result in more direct
threats to a person’s health. Future studies should also collect data
on unemployment duration, informal labor market participation,
sources of support, and other possible mediators beyond those
discussed in this paper.
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Appendix

Section 1: Full search algorithms for Medline.

1. exp stress, psychological/mo
2. exp Stress, Psychological/
3. exp mortality/
4. mo.fs.
5. (death$ or mortalit$ or fatal$).tw.
6. or/3e5
7. 2 and 6
8. 1 or 7
9. stress$.tw.
10. exp caregivers/
11. caregiv$.tw.
12. (care giver$ or care giving).tw.
13. exp family/
14. exp siblings/
15. exp divorce/
16. exp marriage/
17. (marital adj (strife or discord)).tw.
18. widow$.tw.
19. (marriage or married).tw.
20. divorce$.tw.
21. famil$.tw.
22. (son or sons).tw.
23. daughter$.tw.
24. (spous$ or partner$ or husband$ or wife or wives).tw.
25. (mother$ or father$ or sibling$ or sister$ or brother$).tw.
26. exp dissent/and disputes.mp. [mp¼ title, original title,

abstract, name of substance word, subject heading word]
27. exp domestic violence/
28. domestic violence.tw.
29. ((child$ or partner$ or spous$ or elder$ or wife or wives)

adj5 (violen$ or abuse$ or beat$ or cruelty or assault$ or
batter$)).tw.

30. ((mental$ or physical$ or verbal or sexual$) adj2 (violen$ or
abuse$ or cruelty)).tw.

31. exp PEDOPHILIA/
32. (pedophil$ or paedophil$).tw.
33. exp social class/
34. exp socioeconomic factors/
35. (socioeconomic$ or socio economic$).tw.
36. ((financ$ or money or economic) adj (stress$ or problem$ or

hardship$ or burden$)).tw.
37. exp poverty/
38. (poverty or poor or depriv$).tw.
39. exp residence characteristics/
40. ((neighbo?rhood or resident$) adj (characteristic$ or

factor$)).tw.
41. (crowd$ or overcrowd$).tw.
42. exp prejudice/
43. (prejudic$ or racis$ or discriminat$).tw.
44. exp social isolation/
45. exp social support/
46. (social adj (isolat$ or support$ or connect$ or depriv$ or

function$ or influen$ or interact$ or relationship$ or separat$ or
ties)).tw.

47. exp friends/
48. (acquaintance$ or companion$ or friend$).tw.
49. neighbo?r$.tw.
50. exp interpersonal relations/
51. (social adj network$).tw.
52. exp social behavior/
53. (social$ adj activ$).tw.
54. exp work/
55. exp employment/
56. exp job satisfaction/
57. exp work schedule/
58. exp occupational disease/
59. exp occupational health/
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60. exp workplace/
61. (job or jobs).ti,ab.
62. employ$.ti,ab.
63. unemploy$.ti,ab.
64. (shiftwork$ or (work adj2 shift$)).ti,ab.
65. karasek$.ti,ab.
66. overwork$.ti,ab.
67. ((job or work or employ$ or occupation$) adj (satisf$ or

condition$ or discontent or stress$)).ti,ab.
68. exp ACCULTURATION/
69. acculturat$.ti,ab.
70. (migrant$ or immigrant$ or guest work$).ti,ab.
71. exp Life Change Events/
72. ((trauma$ or life) adj (change or event$ or stress$)).ti,ab.
73. exp natural disasters/
74. (natural disaster$ or earthquake$ or hurricane$ or volcan$ or

typhoon$ or tsunami$ or avalanche$ or fire$ or flood$).ti,ab.
75. exp FIRES/
76. exp STRESSDISORDERS, POST-TRAUMATIC/or expOXIDATIVE

STRESS/or exp ECHOCARDIOGRAPHY, STRESS/or exp HEAT STRESS
DISORDERS/or exp DENTAL STRESS ANALYSIS/or exp STRESS, MEC-
HANICAL/or exp STRESS FIBERS/or exp URINARY INCONTINENCE,
STRESS/or exp FRACTURES, STRESS/or stress disorders, traumatic,
acute/or exp exercise test/

77. ((stress or exercise) adj test$).sh,tw.
78. exp Accidents, Occupational/
79. (occupation$ adj (hazard$ or accident$)).tw.
80. or/76e79
81. 2 or 9
82. or/10e75
83. or/76e79
84. 82 not 83
85. and/6,81,84
86. 8 or 85
87. exp Cohort Studies/
88. Controlled Clinical Trials/
89. controlled clinical trial.pt.
90. ((incidence or concurrent) adj (study or studies)).tw.
91. comparative study.sh.
92. evaluation studies.sh.
93. follow-up studies.sh.
94. prospective studies.sh.
95. control$.tw.
96. prospectiv$.tw.
97. volunteer$.tw.
98. or/87e97
99. 86 and 98
100. limit 99 to humans

Section 2: Coding procedures and variables for which data were
sought.

As already mentioned in the main text, two authors (DR and ES)
trained in systematic review coding procedures determined
publication eligibility and extracted the data from the articles. Prior
to coding, both authors jointly reviewed the titles and abstracts of
potential publications to determine whether a given work war-
ranted a full examination for coding purposes. Each of these
publications was read independently, with each author forming an
opinion on final publication eligibility, assigning a tentative
subjective quality rating, and highlighting the data to be coded (see
below). The two authors then met in conference to discuss each
publication. Data was entered into a spreadsheet only after agree-
ment had been reached on final publication eligibility, the number
of relative risk estimates available for extraction, the values to be
assigned for the study design variables (e.g. age range, baseline
date) corresponding to each relative risk, and consensus had been
established with respect to the final subjective quality rating. In
some cases, the data entry involved calculating relative risk esti-
mates from raw death rates or from raw count data. For publica-
tions reporting multiple analyses of a single sample, data was
sought from a statistically-unadjusted model, a model adjusted for
age alone, and from the most statistically-adjusted multivariate
model. Data was entered basic spreadsheets (the data spreadsheet
being later imported into SPSS for analysis). The variables we
sought to obtain from publications were:

1) Author names; 2) author genders; 3) publication date; 4)
publication title; 5) place of publication; 6) characteristics of high
stress group (e.g. unemployed); 7) characteristics of low stress
group (e.g. employed); 8) characteristics shared by both high and
low stress groups; 9) percent of the sample that was male; 10)
minimum age; 11) maximum age; 12) mean age; 13) ethnicity;
name of data source used; 14) geographic location of study sample;
15) baseline start date (day, month, year); 16) baseline end date
(day, month, year); 17) follow-up end date (day month, year); 18)
maximum follow-up duration; 19) average follow-up duration; 20)
information on timing of stress relative to baseline start date; 21)
information on the structure of the follow-up period (e.g. were
there any gaps between the end of baseline and the beginning of
follow-up?); 22) statistical technique used; 23) total number of
persons analyzed in the publication; 24) total number of persons
analyzed for the specific effect size; 25) number of persons in the
high stress group; 26) number of deaths in the high stress group;
27) number of persons in the low stress group; 28) number of
deaths in the low stress group; 29) death rate in the high stress
group; 30) death rate in the low stress group; 31) effect size; 32)
confidence interval; 33) standard error; 34) t statistic; 35) Chi-
square statistic; 36) minimum value for p-value; 37) maximum
value for p-value; 38) full list of control variables used; 39) date of
data extraction; 40) subjective quality rating; 41) number of cita-
tions received by publication according to Web of Science; 42)
number of citations received according to Google Scholar; 43)
5-year impact factor for place of publication.
Section 3: Additional information on the conversion of odds ratios
and relative risks to hazard ratios.

All non-hazard ratio point estimates were converted to hazard
ratios (the most frequently reported type) using one or both of the
following equations (Zhang & Yu, 1998): RR ¼ OR=ðð1� rÞþ
ðr � ORÞÞ and HR ¼ lnð1� RR � rÞ=lnð1� rÞ, where RR is the
relative risk, OR is the odds ratio, HR is the hazard ratio, and r is the
death rate for the reference (i.e. employed) group.
Section 4: Additional information on the estimation of death rates
and standard errors.

Significant predictors of the death rate were follow-up duration,
mean age at baseline, sample size (log transformed), an indicator
for whether the study statistically controlled for gender, the
subjective quality assessment score assigned by the coders, the
proportion of the sample that was male, and an indicator for
whether the study statistically controlled for age.

Multiple R¼ 0.797. As mortality is the outcome variable in the
included studies, it needs to be made explicit that it was the death
rate (used to convert different measures of relative risk to
a common metric) that was estimated, not the mortality risk esti-
mate itself.
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Significant predictors of the standard error were sample size
(log transformed), mean age at baseline, follow-up duration, the
magnitude of the hazard ratio, and publication date.

Multiple R¼ 0.721.

Section 5: Additional information on method for adjusting inverse
variance weights.

Many meta-analysts prefer to use only the most general point
estimates reported in a given publication. While this strategy
makes it easier to maintain independence between point estimates
and makes the calculations of the inverse variance weights
straight-forward, it also results in a substantial loss of information.
We sought instead to maximize the number of point estimates
analyzed, capturing variability both between and within each
publication rather than just the former. For example, when
a publication (see hypothetical Study X in Table A1) reported
mortality risks by gender sub-groups alone the data requires no
adjustment. Likewise, when a study reported mortality risks by age
group alone (see hypothetical Study Y) the data also requires no
adjustment. However, when a publication first reports mortality
risks by gender and then again by age (see hypothetical Study Z)
Table A1
Illustration of adjustments made to the inverse variance weights to correct for
double reporting.

Author,
publication
year

Gender Age Original inverse
variance weight

Corrected inverse
variance weight

Study X Men only All ages 4 4
Study X Women only All ages 2 2

Study Y Men only 20-44 5 5
Study Y Men only 45-65 7 7
Study Y Men only 65þ 3 3

Study Z Men only All ages 12 6
Study Z Women only All ages 20 10
Study Z Both men &

women
20e44 16 8

Study Z Both men &
women

45e65 24 12

Study Z Both men &
women

65þ 16 8
this creates a violation of independence because each person is
represented twice. To correct for this double-counting, each of the
variance weights was adjusted to half of its original value, thus
preserving information on the gender and age variables while
effectively counting each subject only once.
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List of Acronyms and Abbreviations Used 

Acronym or 
Abbreviation 

Definition 

AASHTO 
American Association of State Highway and Transportation 

Officials 
ADT average daily traffic 

AWSC all-way stop-controlled intersection 
BIA Break-in-Access 

BNSF BNSF Railway Company 
DOT Department of Transportation 
EB eastbound 
FD Fire District 

FHWA Federal Highway Administration 
FRA Federal Railroad Administration 

Gardner IMF Gardner Intermodal Facility 
HCM Highway Capacity Manual 
I-35 Interstate 35 
IMF Intermodal Facility 
ITE Institute of Transportation Engineers 

K-33 Kansas Highway 33 
KDOT Kansas Department of Transportation 
KHP Kansas Highway Patrol 
LOS level of service 

LRTP Long-Range Transportation Plan 
MARC Mid-America Regional Council 

MP milepost 
mph miles per hour 

MVMT million vehicle miles traveled 
N/A not applicable 
NB northbound 
NW northwest bound 

pc/mi/ln passenger cars per mile per lane 
OWSC one-way stop-controlled intersection 
PDO property damage only 

sec/veh seconds per vehicle 
SB southbound 

TAG-KC The Allen Group – Kansas City 
TWSC two-way stop-controlled intersection 
USACE U.S. Army Corps of Engineers 
US 56 U.S. Highway 56 

vpd vehicles per day 
VS Verified Statement 
WB westbound 
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Figure 2-1: Gardner Site Vicinity

1.0 INTRODUCTION 
 
The purpose of this technical report is to characterize the affected environment for transportation and 
traffic and anticipated environmental consequences to this resource (transportation and traffic) as a result 
of the Proposed Action, the Wellsville North Alternative, and the No Action Alternative.  Detailed 
discussions of the description of the Proposed Action, the purpose and need of the Proposed Action, and 
alternatives to the Proposed Action are provided in the Purpose and Need and Alternatives Analysis 
Technical Report (HDR, 2008a).   BNSF Railway Company’s (BNSF) preferred site for the proposed 
intermodal facility is west of Gardner, Kansas.  At the request of the U.S. Army Corps of Engineers 
(USACE), the Wellsville North Alternative has also been brought forward for analysis and comparison. 
This technical report incorporates comments provided by the Federal Highway Administration (FHWA) 
and the Kansas Department of Transportation (KDOT) during early coordination with these agencies.   
 
 
2.0 AFFECTED ENVIRONMENT 
 
The affected environment section documents the existing transportation system in the vicinity of the 
Proposed Action and the Wellsville North Alternative.  The project area for each site includes the 
intermodal facility (IMF) footprint (project site) plus off-site rail and roadway improvements.  The traffic 
study areas for the Proposed Action and the Wellsville North Alternative are based on the existing 
transportation networks in the vicinity of each project site as defined in Sections 2.1.2 and 2.2.2, 
respectively.  This section includes a description of the current roadways, intersections, and rail facilities 
as well as an assessment of current conditions with respect to traffic volumes, and operations.  The 
affected environments for the Proposed Action and the Wellsville North Alternative are addressed 
sequentially in the following sections.   The methodology used to characterize the affected environment is 
included in Appendix A.   
 
2.1 Gardner 
 

2.1.1 Gardner Traffic Study Area 
 
The project site is located south of U.S. 
Highway 56 (US 56) and between 191st Street 
and Waverly Road, as shown in Figure 2-1.  
The site is situated southwest of the City of 
Gardner in unincorporated Johnson County.    
The traffic study area was the geographic 
focus for data collection, travel demand 
forecasting, and traffic operations analysis and 
is described in Section 2.1.2.  This analysis 
focuses on major roadways and minor 
roadways expected to carry project-related 
traffic.  A larger area was considered in 
developing regional assumptions regarding 
truck distribution patterns.  This larger area 
considered the freeway and interstate system 
of the entire Kansas City metropolitan area to 
the extent practical. 

More important than the development of a geographical study area is the identification of specific 
facilities (intersections and highway segments) to be analyzed from a traffic operations 
standpoint.  The methodology used in identifying these is described in Appendix A. 
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2.1.2 Existing Transportation Network in the Vicinity of the Proposed Action 

 
This section describes existing transportation facilities within and near the Gardner traffic study 
area in 2008. It does not include the 159th Street and Lone Elm Road I-35 interchange that is 
currently under construction. 
 
Existing Roadway Network 
 
The Gardner traffic study area includes the following roadway and highway facilities, listed in 
decreasing order of functional classification.  Figure 2-2 illustrates the existing roadway network 
and 2008 average daily traffic (ADT) volumes within the study area.  

 
• Interstate 35 (I-35) is a 4-lane interstate highway running northeast-southwest 

through the study area.  It has a posted speed limit of 70 miles per hour (mph).  It 
provides access from Gardner to the rest of the Kansas City metro area.  In the 
vicinity of 151st Street, I-35 widens to six lanes.  I-35 currently carries approximately 
21,000 to 45,500 vehicles per day (vpd) in the study area.   

• US 56 (Main Street in downtown Gardner) is a rural 2-lane highway southwest of 
Gardner, with a posted speed of 55 mph and 2008 volumes of 4,800 vpd or lower.  
From east of Waverly Road to the US 56/I-35 interchange, it is a 4-lane undivided 
arterial with posted speeds of 30 to 45 mph.  It crosses the BNSF mainline on a grade-
separated overpass west of the I-35 interchange.  Traffic volumes along this more 
urban portion of US 56 range from 5,000 to 26,000 vpd.  

• Gardner Road (Center Street in downtown Gardner) is a 2- to 4-lane collector that 
provides the main north-south connection between downtown Gardner and I-35.  It 
provides one of two grade-separated crossings of the BNSF tracks in the traffic study 
area.  The grade-separated structure carries one lane in each direction.  Traffic 
volumes on Gardner Road range from 5,000 to 7,000 vpd depending on location. 

• Moonlight Road is a 2-lane north-south minor collector that carries 8,000 to 11,000 
vpd in the vicinity of US 56.  Further south, closer to I-35, traffic volumes are 
considerably lower (2,500 vpd and below).  Moonlight Road provides access to the 
southeastern portions of Gardner and crosses the BNSF mainline tracks at grade 
less than 150 feet south of US 56. 

• 175th Street (Santa Fe Street, Main Street) coincides with US 56 from 0.5 mile west of 
Center Street to the I-35 interchange.  West of US 56, it is a 2-lane (35 mph) east-west 
collector providing access to residential developments, Gardner Municipal Airport, and 
agricultural parcels.  East of I-35, 175th Street is also a 2-lane collector.  Traffic volumes 
are shown in Figure 2-2. 

• Waverly Road is a north-south 2-lane roadway (35 mph).  South of US 56, Waverly 
Road is a gravel road carrying fewer than 150 vpd and providing access to largely 
undeveloped/agricultural parcels.  North of US 56, it is paved, carries volumes of 600 
to 1,800 vpd, and provides access to residential areas as well as two schools. 
Between US 56 and 183rd Street, Waverly Road crosses both BNSF railroad tracks at 
grade.   

• Four Corners Road is a paved 2-lane collector (45 mph) extending north from 199th 
Street through the study area.  It crosses the BNSF railroad tracks at grade south of 
US 56.  Within the study area, Four Corners Road carries fewer than 250 vpd.   

• 183rd Street is an east-west 2-lane roadway.  From 0.5 mile east of Waverly Road to 
the west, it is a gravel or chip-sealed road (35 mph) serving undeveloped/agricultural 
parcels, and crossing both BNSF tracks at grade.  To the east, 183rd Street is paved 
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and provides access to several residential developments.  Volumes are shown in 
Figure 2-2.  

• 191st Street is a low-volume 2-lane 35-mph east-west gravel roadway (with the 
exception of a short paved section near Gardner Road).  It crosses the BNSF tracks at 
grade east of US 56.  At Four Corners Road, 191st Street is offset to avoid crossing the 
BNSF tracks again.  It is also discontinuous on either side of the I-35/Gardner Road 
interchange.  

 
• 199th Street is a 2-lane paved collector in the study area. Between US 56/Sunflower 

Road and Gardner Road, it has a posted speed of 45 mph and crosses the BNSF 
tracks twice (at-grade) and I-35 once (with a 2-lane overpass).  Near US 56, it curves 
north to meet Sunflower Road.  West of this intersection, 199th Street coincides with 
US 56 as a 2-lane east-west paved roadway.  Traffic volumes are shown in Figure 2-
2.   

 

• Sunflower Road is a paved 2-lane north-south collector located near the west edge of 
the study area.  It connects I-35 with the City of Edgerton; however, it is 
discontinuous in the vicinity of US 56 and the BNSF tracks.  After it turns west to 
become Nelson Street near Edgerton, the road crosses the BNSF mainline at grade.  

 
• Edgerton Road is a paved north-south collector at the western study area boundary.  

It provides access to the growing western portion of the City of Edgerton.   
 

The functional classifications and access types for the aforementioned roadways are listed in 
Table 2-1.  

 
 

Table 2-1:  Gardner Study Area Roadways 

Roadway 
Functional 

Classification 
Access Control 

I-35 Interstate Full Access Control 

US 56 State Arterial Route Varies (None to Partial) 

Gardner Road Major Collector None 

Moonlight Road Minor Collector None 

175th Street Major Collector None 

Waverly Road Rural Local None 

Four Corners Road Major Collector None 

183rd Street Rural Local None 

191st Street Rural Local None 

199th Street Major Collector None 

Sunflower Road Major Collector None 

Edgerton Road Major Collector None 
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Figure 2-2:  Existing (2008) ADTs  
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Existing Interchanges 
Three I-35 interchanges are located in the study area and are listed from north to south as 
follows:  

  
• The I-35/US 56 interchange is approximately 5 miles southwest of the I-35/151st 

Street interchange.  It provides access to and from the City of Gardner and the New 
Century AirCenter. The interchange is a partial (“one-fourth”) cloverleaf configuration 
with diamond-type ramps for all movements except eastbound to northbound, which 
has a loop ramp.  The diamond ramp intersections are unsignalized.   

 
• The I-35/Gardner Road interchange is approximately 3 miles southwest of the I-

35/US 56 interchange.  It provides access to the City of Gardner to the north and 
Miami County to the south.  The interchange is a diamond configuration, with 
Gardner Road as a 2-lane overpass.  Both ramp intersections currently operate 
under stop control.   

 
• The I-35/Sunflower Road interchange is approximately 5 miles southwest of the        

I-35/Gardner Road interchange.  It is a diamond interchange, with Sunflower Road as 
a 2-lane overpass.  The ramp intersections operate under stop control.  The 
interchange provides access to the City of Edgerton to the north and Miami County to 
the south.   

 
The intersection of US 56 and New Century Parkway is a grade-separated interchange with loop 
ramps for the eastbound-to-northbound and southbound-to-eastbound movements, and 
“diamond” ramps for the southbound-to-westbound and westbound-to-northbound movements.  
All of the ramps are free flow.  This interchange primarily serves the New Century AirCenter.   
 
Existing Railroad Network 

• Two BNSF mainline tracks of the Emporia Subdivision cross the study area as 
illustrated in Figure 2-3.  Mainline Track 1 (north track) is located just south of, and 
generally parallel to, US 56 
between Edgerton to Gardner.  

• Mainline Track 2 (south track) 
runs parallel to Track 1, south 
of Edgerton and north of 
Gardner, but it diverges away 
from the north track through 
the middle of the study area.  
After crossing Nelson Street, it 
turns east along the south side 
of 199th Street to a point 
approximately 1 mile east of 
US 56, where it turns 
northeast, eventually rejoining 
Track 1 near Center Street. 

 Figure 2-3:  Gardner Area Highway-Rail Crossings 
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Table 2-2:  At-Grade Highway-Rail Crossings 

Roadway 
DOT 

Crossing 
# 

Train 
Volume 
(2005) 

Highway 
ADT 

(2005) 
Milepost Track 

Moonlight Road 006162X 82 8,354 33.52 1 & 2 
W. Grand Street 006170P 41 6 35.05 2 
Poplar Road 006168N 41 64 35.06 1 
Waverly Road 1 006178U 41 98 35.61X 1 
Waverly Road 2 006172D 41 82 35.75 2 
183rd Street 006179B 41 140 36.49X 1 
183rd Street 006173K 41 150 35.97 2 
Four Corners Road1 006180V 41 212 37.46X 1 
Four Corners Road2 006175Y 41 224 37.59 2 
191st Street 006181C 41 31 38.01X 1 
199th Street 1 006176F 41 714 38.83 1 
199th Street 2 006183R 41 767 39.04X 2 
Nelson Street 006177M 82 1531 39.77X 1 & 2 

The traffic study area includes two 
grade-separated crossings at Center 
Street and at US 56 east of New 
Century Parkway. A third grade-
separated crossing located at South 
Elm Street is currently closed.  
Thirteen at-grade crossings are 
located in the study area from 
Nelson Street to Moonlight Road as 
shown in Table 2-2.  The at-grade 
crossings at Moonlight Road and 
Nelson Street include double tracks 
across the roadway.  Table 2-2 lists 
the thirteen at-grade highway-rail 
crossings, their Department of 
Transportation (DOT) crossing 
numbers, daily train volume, Federal 
Railroad Administration (FRA) 
highway ADT estimate, milepost 
(MP) and track counts.  Figure 2-3 
shows the at-grade highway-rail 
crossings listed in Table 2-2. 
 
Existing Transportation Network Restrictions 
Non-passenger vehicles (such as commercial trucks) are prohibited from operating on roadways 
within the City of Gardner that are not designated as truck routes.  This prohibition does not apply 
to vehicles that are picking-up or delivering at a residence, business, or construction site within 
the city, provided they take the most direct route to or from a designated truck route.  Truck 
routes include Center Street, 183rd Street/Cherokee Street (west of Center Street),  Madison 
Street, Main Street, Moonlight Road, Sycamore Street (Warren Street to Main Street), Warren 
Street, and 175th Street.  A Kansas Highway Patrol (KHP) weigh station is located on I-35, north 
of 167th Street.  KDOT and KHP are reportedly studying the potential relocation of this weigh 
station. 
 
2.1.3 Crash History and Conditions 

 
The crash analysis presented in Section 3.1 includes the two main highways in the study area: 
US 56 and I-35.  Crash data were obtained from KDOT’s Geometric and Accident Unit in May 
2007 (KDOT, 2007).  The data include all crashes reported on I-35 and US 56 during the five-
year period from 2002 through 2006. 
 
Freeway/Roadway Section Crash Analysis 
I-35 and US 56 were subdivided into five smaller sections for the analysis, based on numbers of 
lanes, traffic volumes, and access control as shown in Table 2-3.  Using the KDOT crash data, 
each of the five sections was examined in detail to highlight any trends or high crash rate 
locations.  Crash totals were then summarized and stratified by severity, crash type, time of day, 
and roadway conditions to determine the presence of any crash patterns.  Crash rates were also 
calculated for each section and compared to statewide averages.  
 

Total Crashes  
A total of 245 crashes occurred on I-35 between Sunflower Road and US 56 during the 
five-year analysis period.  Approximately 64 percent of these crashes occurred between 
the I-35/Sunflower Road and I-35/Gardner Road interchanges.  There were also five fatal 
crashes during the five-year period on I-35, four of which occurred between Sunflower 
Road and Gardner Road.  A total of 382 crashes were reported on the section of US 56 
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Table 2-3:  Crash Summary and Crash Rates along I-35 and US 56 

 Length Avg. ADT Crashes Crash Rate (per MVMT) 

Roadway Section (mi) (2002-06) Total Fatal Section 
Crash Rate 

Statewide 
Average 

KDOT Critical Rate1 
(99% conf) 

Exceeds 
Critical Rate 

         I-35         
  1. Sunflower  to Gardner 4.714 22,256 156 4 0.815 0.640 0.792 YES 
  2. e/o Gardner to US 56  3.125 28,502 89 1 0.548 0.640 0.805 NO 
US 56         
  3. Edgerton to Warren  5.233 4,296 48 1 1.170 1.559 2.073 NO 
  4. e/o Warren to Cedar 1.475 12,952 148 0 4.245 5.729 6.788 NO 
  5. e/o Cedar to I-35 1.828 14,898 186 0 3.742 4.556 5.346 NO 

Notes: ADT= Average Daily Traffic; MVMT= Million Vehicle Miles Traveled; KDOT= Kansas Department of Transportation. 
1Critical Crash Rate = the rate that exceeds the statewide average rate at the confidence level specified. 

between Edgerton Road and I-35 during the same time period.  Most of these crashes 
occurred on the high-volume sections of US 56 from just west of downtown Gardner to 
the I-35 interchange.  Only one fatal crash was reported on US 56 in the traffic study area 
during the 5-year period. 

 
 
 

 
 
 
 
 

 
 
 
 
 

 

Crash Rates 
The Institute of Transportation Engineers (ITE) “Rate Quality Control Method” was 
employed to conduct a crash rate analysis for all five highway sections.  This analysis 
compares the five-year average crash rate for a particular section to the statewide 
average for a similar type of highway. Statistical methods were then used to determine if 
the crash rate exceeds the statewide average (at a 99 percent confidence level) through 
the use of a critical crash rate threshold.  
 
Table 2-3 shows the crash rates per million vehicle miles traveled (MVMT) for each of the 
five study highway sections.  One section of I-35 between Sunflower Road and Gardner 
Road was found to exceed the critical crash rate threshold as shown on Table 2-3, 
indicating that it may be a high crash section.  The other four all fall below both the critical 
threshold as well as the base statewide average for similar facilities.  I-35 also had a high 
fatal crash rate between Sunflower Road and Gardner Road, exceeding the statewide 
average for fatal crashes. It is not conclusive why this section of I-35 has a higher crash 
rate, though the data analysis presented in Table 2-4 and in the following sections 
describes some differences in crash type, time, and roadway conditions. 
 
Crash Severity 
The crashes reported within each highway section were examined with respect to severity.  
Each crash was classified as either fatal, injury, or property damage only (PDO).  
 
The majority of reported crashes were classified as PDO on both roadways (77 percent 
on I-35 and 74 percent on US 56).  Approximately 21 percent of the crashes on I-35 and 
26 percent of crashes on US 56 were injury crashes.   
 
Of the total crashes that occurred along I-35, five were fatal crashes (one appeared to 
involve two fatalities).  Four of these crashes occurred between Sunflower Road and 
Gardner Road, and one occurred between Gardner Road and US 56.  During the 2002-
2006 time frame, one fatal crash was reported on US 56 at the far western edge of the 
traffic study area.   
 
Crash Type 
An examination of the crash type data for I-35 reveals that the most common crash type 
was collision with an animal (29 percent).  In the high crash rate section south of 
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Gardner, this type accounted for 31 percent of all crashes.  The next most common crash 
type was collision with a fixed object (26 percent).  Overall, crashes with animals and 
various objects accounted for 59 percent of all crashes on these sections of I-35. The 
third most common crash type was overturned (12 percent). The various categories of 
collisions with other vehicles (rear end, sideswipe, angle, etc.) accounted for 
approximately 23 percent of all I-35 crashes on the two segments evaluated.    
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  Stratified by Severity   
PDO  78% 76% 77%  73% 81% 69% 59%  66% 
Injury  20% 22% 21%  25% 19% 31% 41%  33% 

Fatality  3% 1% 2%  2% 0% 0% 0%  1% 
            
  Stratified by Type   

Other  54% 48% 52%  48% 5% 7% 8%  25% 
Rear-End  10% 9% 10%  23% 36% 37% 17%  14% 

Angle  3% 4% 3%  13% 44% 44% 19%  12% 
Fixed Object  25% 28% 26%  13% 3% 8% 3%  12% 

Sideswipe  8% 10% 9%  4% 12% 4% 5%  7% 
            
  Stratified by Time of Day   

  12a - 7a  24% 25% 24%  19% 2% 7% 3%  11% 
  7a - 9a  13% 10% 12%  6% 10% 11% 5%  7% 
  9a - 4p   22% 24% 23%  21% 48% 37% 21%  22% 
  4p - 6p  10% 20% 13%  21% 20% 23% 10%  11% 

  6p - 12a  31% 21% 28%  33% 20% 23% 12%  18% 
            
  Stratified by Road Surface Condition   

  Dry  67% 76% 70%  85% 86% 76% 44%  54% 
  Wet  10% 9% 9%  10% 12% 18% 6%  7% 

  Ice/Snow  15% 8% 13%  4% 1% 4% 1%  5% 
  Snow/Slush  8% 7% 7%  0% 1% 2% 0%  3% 

  Other/Unknown  0% 0% 0%  0% 0% 0% 0%  0% 
            
  Stratified by Contributing Circumstances  
  Road/Veh Conds  54% 34% 47%  46% 3% 4% 7%  22% 

  Improper 
Maneuver  3% 7% 4%  15% 47% 41% 20%  14% 

  Animal  31% 24% 29%  35% 0% 1% 4%  14% 
  Inattentive Driver  8% 18% 11%  19% 26% 21% 13%  12% 
  Excessive Speed  15% 16% 15%  6% 3% 12% 2%  7% 

  Drugs/Alcohol  4% 13% 7%  4% 4% 4% 2%  4% 
  Other  9% 9% 9%  2% 1% 1% 1%  4% 

  Following Too 
Closely  3% 0% 2%  2% 10% 13% 4%  3% 

Avoidance/Evasive 
Action  1% 3% 2%  2% 1% 2% 1%  1% 

 

Table 2-4:  Crash Details along I-35 and US 56



Proposed Gardner Intermodal Facility  

Traffic Technical Report 9 May 2009 
 

Table 2-5:  At-Grade Highway-Rail Crossing Crash Summary 

Roadway 
DOT 

Crossing # 
# of Crashes 

Prediction 
Crash Rate 

Moonlight Road 006162X 0 0.0568 

Nelson Street 006177M 0 0.0417 

Waverly Road 006172D 1 (2006, fatal) 0.0345 

199th Street 006183R 0 0.0175 

199th Street 006176F 0 0.0155 

Four Corners Rd 006175Y 0 0.0117 

Four Corners Rd 006180V 0 0.0115 

W. Grand Street 006170P 0 0.0099 

Poplar Street 006168N 0 0.0076 

183rd Street 006179B 0 0.0057 

183rd Street 006173K 0 0.0058 

Waverly Road 006178U 0 0.0050 

191st Street 006181C 0 0.0033 

Angle and rear-end crashes accounted for over 80 percent of all crashes on the 4-lane 
section of US 56 between Gardner and I-35.  Further, examination of the subdivided 
sections revealed that animal crashes accounted for the highest percentage (35 percent) 
on the western section, followed by rear-end crashes (23 percent).  Angle and fixed-
object crashes accounted for 13 percent each.    
 
Time of Day 
To examine time-of-day patterns, five time periods were established: a.m. off-peak 
(midnight to 7 a.m.), a.m. peak (7 to 9 a.m.), midday off-peak (9 a.m. to 4 p.m.), p.m. 
peak (4 to 6 p.m.), and pm off-peak (6 p.m. to midnight).  The p.m. off-peak period was 
the most commonly reported time period for crashes on I-35 (28 percent), with 31 percent 
of all crashes on the southern segment occurring during that time period.  The same was 
true for the easternmost segment of US 56, where 33 percent of all crashes occurred 
during the p.m. off-peak period.  On the other US 56 segments studied, the most 
commonly reported period was the midday off-peak (9 a.m. to 4 p.m.), representing over 
60 percent of all crashes on those two sections.   

 
Road Surface Conditions 
During the study period, dry roads constituted the most common road surface condition, 
representing 77 percent of total crashes along I-35 and US 56.  Wet roadway conditions 
were present for 15 percent of US 56 crashes (9 percent for I-35), while ice and snow 
were present for 13 percent of I-35 crashes (3 percent for US 56). 
 

Highway-Rail At-Grade Intersection Crash Analysis  
There are currently 13 at-grade highway-rail grade crossings in the Gardner traffic study area 
from Nelson Street to Moonlight Road.  Three are located near Edgerton, seven near the site of 
the Proposed Action, and three in the vicinity of Gardner as shown in Figure 2-3. 
 
FRA compiles crash data from 1975 to the present for all at-grade rail crossings.  It also assigns a 
crash prediction value, which represents the probability that a collision between a train and a 
highway vehicle will occur at a crossing in any given year.  This value takes into account the 
crossing’s physical and operating characteristics (i.e., ADT, total number of trains per day, 
number of tracks, maximum time table speed) and five years of crash history data at the crossing.   
 
Table 2-5 presents the at-grade 
highway-rail crossing crash data and 
the corresponding prediction crash 
rate for the period of 2002 through 
2006 (FRA, 2007). Between 2002 
and 2006, one crash occurred at an 
at-grade crossing in the traffic study 
area.  The fatality crash occurred at 
the Waverly Road crossing in 2006.  
The FRA prediction values for 
crashes at the locations in the study 
area range from a high of 0.0568 at 
Moonlight Road to a low of 0.0033 
at 191st Street.  Most of the values 
are below 0.02.  
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2.1.4 Existing Traffic Conditions 
 
Existing traffic conditions in the traffic study area were assessed based on the current highway 
volumes, geometrics, and traffic control.  The analysis presented below addresses traffic data 
collection, traffic volumes, traffic operations, and other key traffic issues.  Detailed operational 
calculations are included in Appendix B.  
 
Existing Traffic Data Collection  
In order to accurately assess the current traffic conditions, the study team collected a wide range 
of traffic and highway data.  This effort included collecting original field data as well as available 
existing data from various state and local agencies.  Agencies that were contacted included 
KDOT, Mid-America Regional Council (MARC), Johnson County, Miami County, City of Gardner, 
and City of Edgerton.  The following data were provided by the agencies: 
 

• Detailed daily traffic counts for I-35 and US 56 including truck classification counts 
where available (KDOT) 

• Average daily traffic estimates for over 40 other highway sections (KDOT count map) 

• Traffic signal timing for signalized intersections (City of Gardner) 

• Crash data for the traffic study area (KDOT) 

• Recent traffic studies related to new developments and transportation improvements 
(various sources) 

 
In addition, weekday a.m. and p.m. peak period intersection turning-movement counts were 
conducted at 29 study intersections, including the intersections at the three I-35 interchanges as 
well as 23 additional intersections within the traffic study area.  The interchange counts were 
completed in June/July 2006, while the remaining counts were conducted in April/June 2007.  
The turning-movement counts were performed during the peak traffic periods of 7:00 to 9:00 a.m. 
and 4:00 to 6:00 p.m.  In addition to the intersection counts, current intersection traffic control and 
geometry information was collected in the field.  Observations were also made regarding current 
traffic operations at various locations such as the I-35 mainline and ramp termini.  Current and 
forecasted train volumes were obtained from BNSF.   
 
Current average daily traffic counts (from 2002 to 2007) were collected for most of the major 
roadways in the traffic study area.  These counts were adjusted to a consistent base year of 
2008. 
 
Traffic Operations Analysis Methodology 
The affected environment traffic analysis evaluated existing (2008) operating conditions at 27 
study intersections as well as the freeway facilities (mainline and ramp) in the Gardner traffic 
study area.  The analysis focused on the critical weekday a.m. and p.m. peak hours, although 
daily traffic volume data are presented where appropriate.  
 
The Transportation Research Board’s Highway Capacity Manual (HCM) method (Transportation 
Research Board, 2000) is the primary methodology resource used in the traffic operations 
analysis.  The HCM method includes standard analysis methods for intersections, freeways, and 
ramps (merge and diverge). 
 
Level of service (LOS) is the fundamental HCM parameter describing operational conditions 
within a traffic stream.  LOS is an A-through-F letter ranking scale where LOS A indicates free-
flow, low density, or minor delay conditions and LOS F indicates facility breakdown with low 
speeds, high densities, and high delay. For this study, since the surrounding land use is expected 
to urbanize during the study time horizon, a minimum standard of LOS D is used as the threshold 
for acceptable traffic operations.  A facility operating below this threshold (at LOS E or F) is 
considered to be operating unacceptably. Additional details regarding LOS for both intersections 
and freeway facilities are provided in the methodology discussion in Appendix A.  
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Existing Intersection Operations 
The existing conditions analysis was conducted for the weekday a.m. and p.m. peak hours using the 
existing traffic volumes, traffic control, and geometry for the study intersections, freeway sections, and 
freeway ramps.  Operations at each of these facilities were examined to identify existing issues.  
Figure 2-4 illustrates the existing traffic control and geometry and Figure 2-5 illustrates the existing 
a.m. and p.m. peak-hour volumes used in the analysis.  Existing peak hour truck percentages are 
presented in Appendix C.  
 
Table 2-6 summarizes the results of the existing intersection operational analysis.  As indicated in 
the table, the majority of the study intersections operate at LOS D or better during both peak 
hours.  The following intersections, however, operate below this level:  

 
• Intersection #5: Moonlight Road and US 56.  This signalized intersection operates at 

LOS E during the p.m. peak hour, with an average delay of 73.2 seconds per vehicle 
(sec/veh).  The heavy westbound through and right movements (1,373 vehicles 
combined) conflicting with the north-south flows are the main causes for this delay.  
In addition, the presence of the BNSF mainline tracks (100 feet to the south of the 
intersection) with the associated crossing signals, gates, and railroad pre-emption of 
the vehicular signals leads to additional delay and queuing when the south leg is 
blocked as discussed in Section 2.1.7. 

• Intersection #6: Old US 56 and US 56.  The northbound left approach to this 
unsignalized intersection operates at LOS E and F during the a.m. and p.m. peak 
hours, respectively, largely due to the heavy eastbound through movement in the 
a.m. peak (1,175 vehicles) and the heavy westbound through movement in the p.m. 
peak. (1,434 vehicles).  Although the northbound approach operates below LOS D, it 
is a relatively low-volume approach.  Approximately 50 and 120 vehicles approach 
the intersection from the south in the a.m. and p.m. peak hours, respectively.  

• Intersection #8: I-35 Southbound Ramps and US 56.  The one-lane I-35 southbound 
exit ramp flares to two lanes as it approaches US 56.  The heavy southbound right-
turn movement has a free-flow lane onto US 56 westbound. The southbound left-turn 
movement is stop-controlled.  This southbound left-turn movement operates at LOS 
E during the p.m. peak hour, with a volume of 114 vehicles opposed by heavy 
eastbound and westbound through traffic totaling over 1,600 vehicles. 

• Intersection #10: Moonlight Road and Santa Fe Street.  This intersection is stop-
controlled in the northbound and westbound directions.  It is also just over 200 feet 
from the US 56/Moonlight Road intersection; both BNSF mainline tracks cross 
Moonlight Road between the two intersections. During the p.m. peak hour, the 
northbound approach to this intersection operates at LOS F due in part to a heavier 
flow of southbound traffic (approximately 550 vehicles), which does not stop.  The 
short distance between the intersections and the added delay due to trains also 
affects the operating conditions at this intersection.  These same factors also affect 
operations at the US 56/Moonlight Road intersection. 

• Intersection #15: Gardner Road and 183rd Street.  This intersection is stop-controlled 
in the eastbound and westbound directions.  The westbound left-turn movement 
operates at LOS E in the a.m. peak hour with an average delay of 41 sec/veh.  
However, this is a relatively low-volume movement (41 vehicles during the a.m. peak 
hour; 88 during the p.m.). 

• Intersection #22: Gardner Road and I-35 NB Ramps.  The one-lane eastbound (off-
ramp) approach to this unsignalized intersection operates at LOS F during the a.m. 
peak hour (average delay of 72 sec/veh).  This is due, in part, to the conflicting 
southbound left and northbound right-turn movements, which are heaviest during the 
a.m. peak.  While the level of service for this approach is below LOS D, the volume is 
modest at approximately 90 vehicles during the a.m. peak hour.   
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Table 2-6:  Study Intersection Existing (2008) Capacity and Operations Analysis Summary 

Study Intersection # and Name 
Traffic 
Control 

AM Peak Hour PM Peak Hour 

Delay 
(sec/veh) 

LOS 
Delay 

(sec/veh) 
LOS 

1  Waverly Rd/ 175th St TWSC 21.1 (SB) C 13.5 (NB) B 

2  Gardner Rd/ US 56 Signalized 14.6 B 13.3 B 

3  Elm/ US 56 Signalized 4.6 A 4.7 A 

4  Mulberry/ US 56 Signalized 4.8 A 3.1 A 

5  Moonlight Rd/ US 56 Signalized 35.4 D 73.2 E 

6  Old US 56/ US 56 OWSC 48.5 (NBL) E 114.3 (NBL) F 

7  Cedar Niles/ US 56 Signalized 20.9 C 20.6 C 

8  US 56/ I-35 SB Ramps OWSC 24.0 (SBL)2 C 44.6 (SBL)2 E 

9  US 56/ I-35 NB Ramps OWSC 20.4 (NB) C 20.5 (NB) C 

10  Moonlight Rd/ Santa Fe TWSC1 21.1 (NB) C 428.5 (NB) F 

11  Waverly Rd/ US 56 TWSC 13.9 (NB) B 11.9 (NB) B 

12  Four Corners/ 183rd St AWSC 6.9 A 6.9 A 

13  US 56/ 183rd St TWSC 12.6 (WB) B 12.3 (EB) B 

14  Waverly Rd/ 183rd St TWSC 9.0 (SB) A 8.8 (NB) A 

15  Gardner Rd/ 183rd St TWSC 41.3 (WBL) E 22.6 (WB) C 

16  Four Corners/ US 56 TWSC 11.9 (NB) B 11.9 (NB) B 

17  US 56/ 191st St TWSC 12.4 (EB) B 12.4 (WB) B 

18  Four Corners/ 191st St TWSC 8.4 (WB) A 8.5 (WB) A 

19  Waverly Rd/ 191st St TWSC 8.8 (NB) A 8.7 (NB) A 

20  Gardner Rd/ W 191st St OWSC 12.3 (EB) B 13.3 (EB) B 

21  I-35 SB Ramps/ Gardner Rd OWSC 13.5 (WB) B 28 (WB) D 

22  I-35 NB Ramps/ Gardner Rd OWSC 72.3 (EB) F 22.4 (EB) C 

23  Gardner Rd/ E 191st St OWSC 9.9 (WB) A 9.0 (WB) A 

24  US 56/ Sunflower Rd TWSC 13.7 (NB) B 12.9 (NB) B 

25  US 56/ E 4th St OWSC 12.3 (NB) B 12.7 (NB) B 

26  Four Corners Rd/ 199th St OWSC 9.1 (SB) A 8.9 (SB) A 

27  Gardner Rd/ 199th St AWSC 9.0 A 9.1 A 
Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
Bold indicates a LOS below the acceptable threshold.   
1 The east and south legs are STOP controlled. 
2 The southbound right movement is treated as free flow. 
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Figure 2-4:  Study Area Existing Lane Configuration and Traffic Control 
  



Proposed Gardner Intermodal Facility  

Traffic Technical Report 14 May 2009 
 

 
Figure 2-5:  Existing (2008) Peak Hour Turning Movement Volumes 
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Table 2-7:  Existing (2008) Freeway Operational Analyses 

 
 AM Peak  Hour PM Peak Hour 

 
Density 
(pc/mi/ln) 

LOS 
Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments    
   I-35 NB     
    Sunflower to Gardner 11.2 B 6.3 A 
    Gardner to US 56 15.2 B 7.9 A 
    US 56 to 151st Street 25.6 C 14.5 B 
  I-35 SB     
    151st St to US 56 11.7 B 24.2 C 
    US 56 to Gardner 4.7 A 16.2 B 
    Gardner to Sunflower 4.3 A 12.8 B 

Ramp Junctions     

   I-35 NB     
    Gardner Off 10.6 B 4.7 A 
    Gardner On 16.6 B 9.0 A 
    US 56 Off 15.1 B 6.5 A 
    US 56 On 26.5 C 15.6 B 
    Loop Ramp On 27.9 C 17.8 B 
  I-35 SB     
    US 56 Exit 11.0 B 25.8 C 
    US 56 Entr 5.4 A 17.8 B 
    Gardner Exit 2.7 A 16.5 B 
    Gardner Entr 5.5 A 14.3 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

Figure 2-6: 
Johnson County Transit Route L 

Existing Freeway Operations 
The existing I-35 freeway 
operational analysis (for both 
mainline and ramp junctions) is 
summarized in Table 2-7. Currently 
all freeway segments and ramps in 
the traffic study area operate at an 
acceptable LOS (i.e., C or better). 
Only one freeway segment 
operates at LOS C (US 56 to 151st 
Street), while all of the others 
operate at LOS A or B during both 
peak periods. Similarly, all of the 
ramps at the three interchanges in 
the traffic study area operate at 
LOS B or better, with the exception 
of the US 56 on-ramps to I-35 
northbound in the a.m. peak and 
the US 56 southbound off-ramp in 
the p.m. peak (which operate at 
LOS C).  
 
2.1.5 Transit 
 
Currently, there is no transit service 
in the immediate vicinity of the 
Gardner site.  However, transit 
service in the Gardner area is 
provided by Johnson County Transit 
(The JO), as illustrated in Figure 2-6.  
The main route serving Gardner is 
Route L (Johnson County Transit, 
2008). This is a weekday peak-
period express route between the 
downtown Gardner area and Kansas 
City, Missouri, with stops at two 
park-and-ride lots along I-35 north of 
Gardner.  It accesses I-35 via the US 
56 interchange. Route L provides 
three northbound runs to Kansas 
City in the a.m. peak and three 
southbound runs from Kansas City in 
the p.m. peak. The L/N Route also 
serves the same area with a single 
late afternoon southbound run from 
Kansas City each weekday.  
 
2.1.6 Pedestrian and Bicycle Facilities 
 
The roads adjacent to the project area are gravel and do not include specific bicycle or pedestrian 
facilities. However, there are sidewalks on Gardner Road and on the short new portion of 188th 
Street just west of Gardner Road.  This includes a wide arterial pathway on the east side of 
Gardner Road from near 191st Street north to West Grand Street.   
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Figure 2-7: 
Distance from Emergency Response 

 
2.1.7 At-Grade Rail-Highway Crossings and Delay 
 
Table 2-8 highlights 9 key roadways with at-grade highway-rail crossings between Gardner and 
Edgerton.  For each of these crossings, average blocked times and vehicular delays during the 
a.m. and p.m. peak hours were estimated for the existing train and highway volume conditions  
(locations where the tracks are separate, such as on 191st Street were treated as one generalized 
crossing for calculation purposes).   
 

Table 2-8: Gardner Existing Train Crossing Data 
 

 
Vehicular Traffic Volume (veh/hr) 

 

Avg. Blocked 
Crossing Time 

During Hour (min)  
Avg. Delay Per Vehicle (sec) 

 
All 

Vehicles  Vehicles Delayed 
by Trains      All 

Vehicles  
Delayed 
Vehicles 

Only 
                     
  AM  PM  AM  PM  AM  PM  AM  PM  AM  PM 
Mile                          
33.52 Moonlight Rd 632  893  96  145  8.2  8.2  13  14  88  87 
35.61 Waverly Rd 19  19  3  3  8.2  8.2  12  12  89  89 
36.49 183rd St 30  29  4  4  8.2  8.2  12  12  88  87 
37.46 Four Corners Rd 12  9  2  1  8.2  8.2  12  12  90  87 
38.01 191st St 7  5  1  1  8.2  8.2  12  12  86  90 
39.4 199th St 80  62  11  9  8.2  8.2  12  12  87  87 
39.77 Nelson St 142  169  21  24  8.2  8.2  13  13  86  88 
40.7 207th St 108  108  16  15  8.2  8.2  13  13  86  89 
41.2 Edgerton Rd 6  9  1  1  8.2  8.2  12  12  88  87 

 
Approximately 69 trains currently pass through Gardner on the BNSF mainline on an average 
weekday (Tuesday – Thursday).  These trains do not run on fixed schedules; rather, they arrive at 
various times throughout the 24-hour period.  Given the average train length and speed data for 
this section of track, the average blocked time per train is just under three minutes (this includes 
gate time before and after each train).  Assuming a roughly uniform arrival pattern, the typical 
average blocked time per hour at each crossing location is approximately eight minutes on an 
average weekday. 
 
The average delay for all vehicles at each 
crossing during the a.m. or p.m. peak hours 
is approximately 12 to 14 sec/veh.  The 
average delay for vehicles that are present 
when a train is crossing during the a.m. or 
p.m. peak hours is approximately 86 to 90 
seconds per delayed vehicle 
(approximately one and a half minutes per 
vehicle).  These calculations assume 
uniform train and highway vehicle arrivals. 
 
2.1.8 Emergency Vehicle Access 
 
There are currently two primary entities that 
provide fire and rescue services in the 
vicinity of the Gardner site: Johnson County 
Fire District (FD) No. 1 and Gardner Public 
Safety Department.  Johnson County FD 
No. 1 serves Southwestern Johnson 

1 

2 

3
4

miles 

J1

J3

J2 

G2 

GD
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County including the City of Edgerton and the unincorporated areas surrounding Edgerton and 
Gardner.  The Gardner Public Safety Department serves the City of Gardner.  These two 
agencies also have a standing inter-agency agreement whereby they support each other in 
certain circumstances.  They also partner with Johnson County Med-Act to provide advanced 
medical response services. Together, the two local agencies operate a total of five fire/rescue 
stations in the Gardner/Edgerton area. These stations are listed below and shown in Figure 2-7.   
 

1. Johnson Co. FD No. 1 Station #1 (490 New Century Pkwy – 4 response vehicles) [J1] 
2. Johnson Co. FD1 Station #2 (234 East Park Street in Gardner – 3 response vehicles) [J2] 
3. Johnson Co. FD1 Station #3 (400 E. 3rd Street in Edgerton – 3 response vehicles) [J3] 
4. Gardner Plum Creek 

Station #2 (29000 E. 
183rd Street – 3 response 
vehicles), opened Feb. 
‘08 [G2] 

5. Gardner Department of 
Public Safety (400 E. 
Main Street) [GD] 

 
Figure 2-7 shows one, two, three, 
and four-mile bands around the 
above five stations. The bands 
are based on the local roadway 
network and therefore show 
actual travel distances from the 
stations to various areas.  From 
Figure 2-7, it is apparent that the 
area around the Gardner site is 
within 4 miles of one or more 
fire/rescue stations.   
 
Emergency vehicle responders 
have the potential of being 
delayed if a train is present at the 
mainline crossing.  The actual 
delay time would depend entirely 
on the specific conditions (i.e., 
emergency vehicle arrival time 
relative to the train arrival time as 
well as the length and speed of 
the train).  However, the total 
blocked-time delay due to a single 
train, based on the average speed data provided by BNSF, is approximately 2.2 minutes (excluding 
flashing light and gate time).1  Currently, the Gardner-based stations can serve both sides of the 
track without additional delay by using the Center Street Bridge.  Emergency responders from the 
Edgerton station to the south and southwestern Gardner areas must cross the BNSF tracks at-
grade to reach the areas east of US 56 unless they go substantially out of their way to Center Street 
in Gardner. 
 
 

                                                 
 
1 This is the average time a train blocks this crossing, not the average delay for vehicles, as not all vehicles are 
blocked the total time the train occupies the crossing. 

Figure 2-8: 
Gardner Area Highway Classifications 

North 
Not to Scale 
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       Interstate          Rural Major Collector 
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Rural Minor Arterial         Local Roads 
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Figure 2-9: 
Gardner Area Barriers to Local Transportation 

2.1.9 Circulation System 
 
There are three major subtopics related to the existing local highway circulation system in the 
vicinity of the Gardner site: system form, connectivity, and barriers. 
 
The circulation system in the vicinity of the Proposed Action is generally a grid system as shown 
in Figure 2-8.  The grid spacing is approximately one mile between roadways in the undeveloped 
areas.  In the developed portions of Gardner and Edgerton, there is a combination of tight grid 
network (older development) and curvilinear roadways with cul-de-sacs (newer development). US 
56 and I-35 both cut through the grid system at an angle, but because I-35 has access only at 
interchanges it provides regional, but not local, connectivity. 
 
The current roadway hierarchy has been developed such that arterial and collector roadways 
carry higher local traffic volumes and essentially serve as the backbone of the local system.  
These higher classification facilities, combined with the remaining grid system, provide local 
network connectivity, including connections to I-35 - which, in turn, provides the major connection 
to the larger region. 
 
Based on KDOT’s and MARC’s most recently published highway classification information, US 56 
is classified as an arterial highway - Principal Arterial in Gardner and Minor Arterial west of 
Gardner. Gardner Road/Center Street and 199th Street (east of US 56) are both classified as 
Rural Major Collectors.  Four Corners Road and 175th Street (west of US 56) are also classified 
as Rural Major Collectors.  The 
remaining roadways are 
unclassified in MARC’s current 
hierarchy.  However, as a practical 
consideration portions of Moonlight 
Road, 183rd Street, and 167th Street 
could be classified as Rural Minor 
Collectors. The remaining road-
ways would then be classified (at 
present) as Local Roadways.  
 
The transportation system barriers 
addressed in this report are 
physical features (natural or man-
made) that block or inhibit new 
connections between local 
transportation facilities.  For 
example, a creek is a natural 
transportation barrier.  Connecting 
roadways on different sides of a 
creek requires the construction of a 
bridge or culvert.  Some of the 
current highway system barriers 
include I-35, existing development, 
railroad lines, New Century 
AirCenter, Mildale Park, Gardner 
Municipal Airport, and local creeks 
and streams.  A number of these 
are shown in Figure 2-9.  These barriers are penetrated to various extents (for example there are 
many railroad and stream crossings), but each could be a barrier to future highway system 
development.    
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New Century 
AirCenter 
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Quarry 
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2.2 Wellsville North Alternative 
 

2.2.1 Wellsville North Traffic Study Area 
 
The Wellsville North site is 
located to the west of 
Edgerton Road to nearly 
Wyoming Road; and north of 
I-35 and the BNSF mainline 
to approximately ¼ mile 
north of 215th Street as 
shown in Figure 2-10.  The 
project site is situated to the 
southwest of the City of 
Edgerton and northeast of 
Wellsville in unincorporated 
Johnson County and Miami 
County.   A traffic study area 
surrounding the site was 
defined and analyzed for 
potential traffic impacts.  The 
Wellsville North traffic study 
area is generally bounded by 
Kansas Highway 33 (K-33) 
to the west, 223rd Street to 
the south, Gardner Road to the east, and 175th Street to the north.   
 
While the traffic study area was the geographic focus for data collection, travel demand 
forecasting, and traffic operations analysis, this analysis focused on major roadways and minor 
roadways expected to carry project-related traffic. 

As in the analysis of the Proposed Action, a larger area was considered in developing regional 
assumptions regarding truck distribution patterns associated with the Wellsville North Alternative.  
This larger area considered the freeway and interstate system of the entire Kansas City 
metropolitan area to the extent appropriate.  

 
2.2.2 Existing Transportation Network in the 

Wellsville North Alternative Vicinity 
 
The Wellsville North traffic study area includes 
the roadways in the Gardner study area plus the 
additional highway facilities listed below, 
presented in decreasing order of functional 
classification.  Figure 2-11 contains the existing 
ADT volumes in the Wellsville North study area. 
Figure 2-12 illustrates the existing roadway 
network geometry and traffic controls at the 
Wellsville North study intersections (except 
intersections 1, 2, 11, 13, 16, 17, and 26 which 
were presented in Figure 2-4).     
 

• I-35 is a 4-lane interstate highway running northeast-southwest through the study 
area.  It has a posted speed limit of 70 mph.  I-35 carries approximately 21,000 to 
29,000 vpd in the study area.   

 
 

Figure 2-10: Wellsville North Alternative Site Vicinity

Figure 2-11: Existing ADTs –Vicinity of Wellsville 
North Alternative 
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• US Route 56 (US 56)/199th Street is a two-lane highway, with a posted speed varying 

between 45 mph and 55 mph, and 2008 volumes of 4,400 vpd or lower. The portion of 
US 56 that is included in the Wellsville North study area extends from approximately K-
33 in the southwest to Center Street/Gardner Road in the northeast. 

• Sunflower Road is a two-lane paved collector providing the primary north-south 
connection between the City of Edgerton and I-35.  Sunflower Road curves and 
becomes Nelson Road within the City.  Sunflower Road/Nelson Road has one of the 
two at-grade railroad crossings in the Edgerton area.  Traffic volumes on Sunflower 
Road are lower than 2,300 vpd depending on location.  

• Edgerton Road (West 8th Street in Edgerton) is a two-lane paved collector north of 
207th Street, and a gravel roadway south of 207th Street.  Edgerton Road provides 
the secondary north-south connection between US 56 and 207th Street, giving access 
to the community on the west side of Edgerton. To the south of 207th Street, 
Edgerton Road crosses the BNSF railroad tracks.  Edgerton Road carries 
approximately 700 vpd within the study area. 

• 207th Street is a two-lane paved local road running east-west through the study area.  
An at-grade rail crossing exists on 207th Street between Edgerton Road and Sunflower 
Road.  This roadway provides access to I-35 for residents in the western part of 
Edgerton.  Volumes on 207th Street range from 180 to 880 vpd depending on location.  

• 215th Street is an east-west two-lane gravel road.  There is currently an at-grade rail 
crossing on 215th Street between Evening Star Road and Edgerton Road. This 
roadway serves agriculture/undeveloped land.   

• Evening Star Road is a north-south two-lane gravel roadway connecting 207th Street 
and 215th Street.  Existing daily volumes are very low, as shown in Figure 2-11. 

• Co-op Road (East 2nd Street in Edgerton) is a two-lane paved local roadway running 
along the southeastern portion of the City of Edgerton, paralleling the BNSF railroad.  
This roadway serves some local homes and the Ottawa Cooperative Association 
grain elevator. 

 
The Wellsville North analysis also evaluated the I-35/Sunflower Road interchange that was not 
included in the Gardner analysis.  However, the I-35/K-33 interchange, which is located 

Figure 2-12:  Existing Geometry and Traffic Control – Wellsville North
Alternative 
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approximately five miles southwest of the I-35/Sunflower Road interchange, was not included in 
the Wellsville North analysis.  The K-33 interchange provides access to the City of Wellsville to 
the north and to the City of Rantoul approximately 12 miles to the south.  This interchange was 
not evaluated because little to no project traffic is anticipated to use it. 

 
2.2.3 Wellsville North Existing Conditions Analysis 

 
The existing conditions analysis was conducted in a manner similar to the Gardner analysis 
utilizing the existing traffic volumes, traffic control, and geometry to analyze the study 
intersections, freeway sections, and freeway ramps. The general overall operations at each of 
these transportation facilities were examined for deficiencies.  Figure 2-13 illustrates the existing 
a.m. and p.m. peak-hour volumes used in the analysis (except intersections 1, 2, 11, 13, 16, 17, 
and 26 which were presented in Figure 2-5).    Existing peak-hour truck percentages are 
presented in Appendix C, and detailed operational results are included in Appendix D. 

 
Existing Intersection Operations 
Table 2-9 summarizes the results of the existing intersection analysis for the Wellsville North 
Alternative. The study intersections generally carry low volumes and are mainly unsignalized. 
Most of the study intersections currently operate at LOS C or better during the both peak hours.  
The one exception is the unsignalized intersection of US 56 and the Southbound I-35 Ramps.  At 
this intersection, the one-lane I-35 southbound exit ramp flares to two lanes as it approaches US 
56.  The heavy southbound right-turn movement has a free-flow lane onto US 56 westbound. The 
southbound left-turn movement is stop-controlled.  This southbound left-turn movement operates 
at LOS E during the p.m. peak hour, with a volume of 114 vehicles opposed by heavy eastbound 
and westbound through traffic totaling over 1,600 vehicles. 

Table 2-9:  Wellsville North Study Intersection Existing (2008) Capacity and Operations 
Analysis Summary 

Study Intersection # and Name 
Traffic 
Control 

AM Peak Hour PM Peak Hour 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1    175th St/ Waverly Rd TWSC 21.1 (SB) C 13.5 (NB) B 
2    US 56/ Gardner Rd Signalized 14.6 B 13.3 B 
8    I-35 SB Ramps/ US 56 OWSC 24.0 (SBL)1 C 44.6 (SBL)1 E 
9    I-35 NB Ramps/ US 56 OWSC 20.4 (NB) C 20.5 (NB) C 
11  US 56/ Waverly Rd TWSC 13.9 (NB) B 11.9 (NB) B 
13  183rd St/ US 56 TWSC 12.6 (WB) B 12.3 (EB) B 
16  US 56/ Four Corners Rd TWSC 11.9 (NB) B 11.9 (NB) B 
17  191st St/ US 56 TWSC 12.4 (EB) B 12.4 (WB) B 
24  US 56/ Sunflower Rd TWSC 13.7 (NB) B 12.9 (NB) B 
25  US 56/ E 4th St OWSC 12.3 (NB) B 12.7 (NB) B 
28  I-35 SB Ramps & Sunflower Road OWSC 9.0 (WB) A 9.8 (WB) A 
29  I-35 NB Ramps & Sunflower Road OWSC 13.6 (EB) B 9.6 (EB) A 
31  199th & Edgerton TWSC 12.6 (SB) B 12.5 (SB) B 
32  207th & Sunflower TWSC 9.6 (WB) A 10.2 (WB) B 
33  207th & Co-op Road OWSC 9.3 (SB) A 9.2 (SB) A 
34  207th & Edgerton AWSC 7.6 A 6.9 A 
35  207th & Evening Star OWSC 8.4 (NB) A 8.5 (NB) A 
36  215th & Evening Star OWSC 8.4 (SB) A 8.4 (SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, 
LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
1 The southbound right movement is treated as free flow. 
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Figure 2-13:  Wellsville North Study Intersection Peak Hour Turning Movement Volumes  
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Table 2-11:  Wellsville North Study Area At-Grade  
Highway-Rail Crossings 

Roadway DOT Crossing # 
Train 

Volume 
(2005) 

Highway 
ADT 

(2005) 
Milepost Track  

199th St 1 006176F 41 714 38.83 1 
199th St 2 006183R 41 767 39.04X 2 
Nelson St 006177M 82 1531 39.77X 1 & 2 
207th Street 006184X 82 936 40.70 1 & 2 
Edgerton Rd 006185E 82 127 41.20 1 & 2 
215th Street 006187T 82 27 42.03 1 & 2 
223rd Street 006190B 82 72 43.39 1 & 2 

  Source:  FRA, 2005. 

                                                   
Table 2-10:  Existing (2008) Freeway Operational Analyses

 
 AM Peak  Hour PM Peak Hour 

 
Density 
(pc/mi/ln) 

LOS 
Density 
(pc/mi/ln)

LOS 

Basic Freeway Segments    
   I-35 NB     
    Edgerton to Sunflower 9.4 A 5.7 A 
  I-35 SB     
    Sunflower to Edgerton 4.1 A 11.1 A 

Ramp Junctions     

 I-35 NB     
Sunflower Off 8.3 A 3.9 A 
Sunflower On 12.6 B 7.4 A 

  I-35 SB     
Sunflower Exit 2.3 A 12.5 B 
Sunflower Entr 4.9 A 12.5 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

Figure 2-14:  Wellsville North Study 
Area Highway-Rail Crossings 

Existing Freeway Operations 
In addition to the Gardner area 
freeway facilities described in 
Section 2.1.2, the analysis for the 
Wellsville North Alternative 
evaluated the I-35 mainline south of 
Sunflower Road as well as the I-
35/Sunflower Road interchange 
ramps.  As shown in Table 2-10 
these additional freeway facilities all 
currently operate at LOS B or better.   
 
Existing Railroad Network  
Throughout the Wellsville North 
study area there are a number of rail 
crossings.  These at-grade rail 
crossings generally include two 
parallel mainline tracks and are mostly located on low-volume gravel roads.  The locations and 
alignments of the two mainline tracks are discussed in Existing Railroad Network, Section 2.1.2. 
 
The Wellsville North traffic study 
area includes one grade-separated 
crossing on K-33 south of East 7th 
Street in Wellsville.  There are 
seven at-grade crossings (five of 
which include double tracks across 
the roadway), from 223rd Street to 
199th Street.  Table 2-11 lists the 
seven at-grade highway-rail 
crossings, their DOT crossing 
numbers, daily train volume, FRA 
highway-ADT estimate, MP, and 
track.  Figure 2-14 illustrates the at-
grade highway-rail intersections 
included in Table 2-11.  
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Table 2-12:  Wellsville North At-Grade Highway-Rail Crossing 

Crash Summary 
 

Roadway 
DOT 

Crossing # 
# of Crashes 

Prediction 
Crash Rate 

207th Street 006184X 2 (2003 PDO, 2007 PDO)1 0.3492 

Edgerton Road 006185E 0 0.2321 

215th Street 006187T 0 0.0054 

223rd Street 006190B 1 (2004 Injury) 0.0194 

Notes: 
1 PDO means Property Damage Only. 

 
Highway-Rail At-Grade Intersection Crash Analysis  
As with the Gardner analysis, the Wellsville North crash analysis uses FRA crash data and 
prediction values.  Between 2003 and 2007, three crashes occurred at at-grade crossings in the 
Wellsville North study area.  The 223rd Street crossing involved an injury while the other 207th 
Street crashes were PDO.  Table 2-12 presents the at-grade rail crossing crash data for 2003 
through 2007 as well as the corresponding prediction crash rate (FRA, 2008).  The prediction 
values for crashes at the locations in the study area range from a high of 0.3492 at 207th Street to 
a low of 0.0054 at 215th Street.   

 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.4 Transit 
 
Currently, there are no transit services in the immediate vicinity of the Wellsville North Alternative, 
the City of Edgerton, or the City of Wellsville. 
 
2.2.5 Pedestrian and Bicycle Facilities 
 
The roads adjacent to the project site are gravel and do not include specific provisions for either 
bicycles or pedestrians.  The paved roads providing access to the site are rural roads also without 
specific provisions for bicycles or pedestrians.  
 
2.2.6 At-Grade Rail-Highway Crossings and Delay 
 
The current blocked time and crossing delay described previously for the Edgerton area locations 
also applies to Wellsville North.  In addition, there are three crossings in Wellsville presented in 
Table 2-13.  As with the Edgerton area data, the average blocked time per train is just under 
three minutes (including flashing light and gate time).  Approximately eight minutes per hour are 
blocked on average during a typical weekday.   The average delay per vehicle is 12 to 13 
seconds for all vehicles and 86 to 88 for delayed vehicles.   

 

Table 2-13:  Additional Wellsville North Existing Crossing Data 

  
Vehicular Traffic Volume 

(veh/hr)  
Avg. 

Blocked 
Crossing 

Time During 
Hour (min) 

 Avg. Delay Per Vehicle (sec) 

  

All 
Vehicles 

 

Vehicles 
Delayed by 

Trains   
All 

Vehicles  

Delayed 
Vehicles 

Only 
                     
  AM  PM  AM  PM  AM  PM  AM  PM  AM  PM 
Mile                          
42.03 215th 1  3  0  0  8.2  8.2  12  12  85  87 
43.39 223rd 8  9  1  1  8.2  8.2  12  12  88  88 
45.45 Main 166  185  24  27  8.2  8.2  13  13  88  88 



Proposed Gardner Intermodal Facility  

Traffic Technical Report 25 May 2009 
 

 
 

2.2.7 Emergency Vehicle Access 
 
Two primary entities provide fire and rescue 
service in the vicinity of the Wellsville North 
Alternative.  The first is the Wellsville Fire 
Department, which has an agreement with 
Miami County FD No. 1 to provide service in 
Miami County near Wellsville.  The second 
is Johnson County FD No. 1 Station #3 in 
Edgerton.  The two stations are located at: 
 

1. Wellsville Fire Station (730 S. Main 
Street) [W] 

2. Johnson Co. FD1 Station #3 (400 E. 
3rd Street in Edgerton) [J3] 

 
Figure 2-15 illustrates service distance 
bands (from 1 to 4 miles) around the two 
stations.  The Wellsville North site is within 
four miles of one or both of the two stations.  
Similar to Gardner, emergency vehicle responders have the potential of being delayed if a train is 
present at a crossing.  The actual delay time would depend on the specific conditions (i.e., 
emergency vehicle arrival time relative to the train arrival time as well as the length and speed of 
the train).  However, the total blocked-time delay due to a single train, based on the average 
speed data provided by BNSF, is 
approximately 2.2 minutes 
(excluding flashing light and gate 
time).  Currently, the Wellsville-
based station is the only station 
that can serve both sides of the 
tracks without additional delay by 
using the Poplar Street bridge.  
Responders from the Edgerton 
station must cross the BNSF 
tracks at-grade to reach the 
areas east of the tracks. 
 
 
2.2.8 Circulation System 
 
The area around the Wellsville 
North Alternative project site has 
many similarities to the Gardner 
project site vicinity in terms of 
highway form, connectivity, and 
barriers.  The Wellsville North 
Alternative project site is located 
within a rural grid system with 
approximately 1-mile spacing 
between roadways.  In the 
vicinity of Edgerton, there is an 
older, denser highway grid near 
the center of town as well as 
more recent curvilinear 

Legend 
        Interstate         Rural Major Collector 

Principal Arterial        Rural Minor Collector 
Rural Minor Arterial        Local Roads 

Figure 2-16: 
Wellsville North Area Highway Classifications 
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roadways to the west and south of town.  Figure 2-16 illustrates the circulation system in this 
area. 
 
Major local connectivity in the area is provided by a set of arterial and collector roadways.  The 
MARC classification system ends at the Johnson County border and the classification information 
for the surrounding counties does not completely match with the MARC or KDOT systems.  
Therefore, a hybrid classification network is presented in Figure 2-16. This figure is not 
completely consistent with all of the state or local plan maps, but it captures the practical 
functionality of the roads in the area in a consistent way for purposes of this analysis. As shown in 
the figure, US 56 serves as a rural minor arterial and Edgerton Road (north of Nelson Street), 
Nelson Street, Sunflower Road, 231st Street, and a few others  serve as rural major collector 
roadways.  Other roadways, such as Edgerton Road between 207th and Nelson Street and 207th 
from Edgerton Road to Sunflower Road, could be deemed minor collector roadways.  The 
remaining roadways are local roadways.   
 
Barriers in the Wellsville North area include I-35, existing development, railroad lines, parks, and 
streams.  Again, many of these are somewhat permeable barriers, but all can present challenges 
to future highway connectivity. 

 
3.0 ENVIRONMENTAL CONSEQUENCES 
 
Direct effects to transportation were determined by evaluating the anticipated effects based on 
construction and opening year (2010) operation of the Proposed Action and Wellsville North Alternative.  
Indirect effects were evaluated for each project area by considering the following: future operations of the 
IMF (through 2030) and development anticipated to be induced by the IMF.  For the Proposed Action, 
induced development consists of the Logistics Park Kansas City, as described in this section.  For the 
Wellsville North Alternative, the exact nature of induced development is not known and therefore was not 
analyzed.   
 
For the Proposed Action, the study team in collaboration with the federal, state, and local agencies 
decided that the Olathe Traffic Model (OTM) was reasonable for forecasting long-term (2030) traffic 
growth in the vicinity of the proposed Gardner IMF and land uses planned by local jurisdictions.  The OTM 
is a computerized travel demand forecasting model developed and refined by the City of Olathe, Kansas.  
As a part of the demand modeling process, model input assumptions must be made regarding land use 
and future network changes.  Review agencies, including KDOT, the City of Gardner, the City of 
Edgerton, Johnson County, Miami County, and MARC assisted in the determination of these 
assumptions.  At its core, the model consists of a computerized representation of the roadway/highway 
network, plus an overlay of 782 Traffic Analysis Zones (TAZs) in which land-use quantities are 
aggregated to generate traffic volumes.  For the traffic analysis, a “forecasting focus area” was defined in 
which land use and network adjustments could be made to refine model accuracy.  Given the input of the 
local planning entities with regard to land use assumptions and forecasts for the OTM, this forecasting 
focus area was used for the indirect and cumulative effects analyses.  In addition, a few large-scale 
projects outside of the forecasting focus area were also included in the cumulative effects analysis based 
on discussions with public agencies.  These projects are discussed in the Cumulative Effects Technical 
Report (HDR, 2008b). 
 
The Wellsville North development area is located southwest of the Gardner development area and 
outside of the boundaries of the OTM forecasting focus area as well as outside of the entire OTM 
planning area.  As a result, quantified land use forecasts for the reasonably foreseeable future are not 
available.   
 
To establish a basis against which to compare the Proposed Action and Wellsville North Alternative 
scenarios, No Action scenarios that anticipate planned land-use growth and associated roadway/highway 
improvements were created.  The IMF is not included as a development in the No Action scenarios.  
Development and evaluation of the No Action scenarios (coupled with results of the Proposed Action and 
Wellsville North Alternative scenarios) allows the identification of direct project traffic impacts, if any.    To 
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evaluate direct effects from the Proposed Action and Wellsville North Alternative, the scenarios were 
compared for opening year (2010).   
 
Induced development includes a proposed logistics park, Logistics Park Kansas City adjacent to BNSF’s 
planned IMF at Gardner.  The logistics park would be developed by The Allen Group – Kansas City (TAG-
KC) and consist of 400,000 to 600,000 square feet of speculative freight distribution and warehouse 
space available for lease around the same time that BNSF’s IMF opens. TAG-KC has projected that it 
might construct additional warehouse capacity (up to 2.86 million square feet) sometime between 2010 
and 2015 depending on demand in the South Johnson County market (William Crandall Verified 
Statement [Crandall VS], 2008).  To evaluate indirect effects associated with future operations of the IMF 
and development anticipated to be induced by the IMF, the horizon years for analysis were expanded to 
include 2015 and 2030.      
 
Because the surrounding land use is expected to urbanize during the study time horizon, a minimum 
standard of LOS D was used as the threshold for acceptable traffic operations for freeway facilities and 
intersections.  A significant impact would exist if an unacceptable LOS (i.e., E or F) was predicted to occur 
on a state or major route in 2010 (opening year) or in 2015 (5 years after opening).  Appropriate 
mitigation measures are discussed in the Mitigation Technical Report (HDR, 2008c).  
 
3.1 Direct Effects - Gardner 
 

3.1.1 2010 Gardner No Action 
 

2010 Gardner No Action Forecast Volumes 
The 2010 Gardner No Action scenario is a near-term scenario for comparing opening day for the 
build scenarios.  It assumes modest near-term traffic growth consistent with historical growth in 
the area.  Based on KDOT vehicle count data, and consistent with the recently completed I-35 
Gardner Break-in-Access (BIA) Study (HDR, 2007), a growth rate of 2.8 percent per year was 
assumed for intersections and a growth rate of approximately 3.2 percent per year was assumed 
for the I-35 mainline. These growth rates were applied to the existing (2008) volumes.  
 
The resulting 2010 No Action ADT volumes and peak-hour turning movement volumes are 
illustrated in Figures 3-1 and 3-2.  The volumes are rounded, reflecting the fact that they are 
forecasts.  Peak-hour truck percentages are presented in Appendix C. 
 
2010 Gardner No Action Geometry Assumptions 
In 2010, the roadway network geometry was assumed to be similar to the existing network 
geometry, with a few notable exceptions as described below: 
 

• I-35/Gardner Road Interchange and Vicinity – By 2010, KDOT is planning to improve 
the interchange by signalizing both ramp intersections, widening to add westbound 
and southbound turn lanes at the southbound ramp intersection (#21), and widening 
Gardner Road to four lanes from the I-35 southbound ramps north to 191st Street.   

 
• Moonlight Road Improvements – The City of Gardner has plans to improve Moonlight 

Road near Main Street (US 56) by 2010.  This includes widening Moonlight Road to 
four lanes and adding turn lanes at Main Street and Santa Fe Street.  It also includes 
relocating Santa Fe Street further to the south to improve the distance between it and 
the railroad tracks and Main Street.  The Moonlight Road/Santa Fe Street intersection 
is also expected to be signalized.  

 
• Improvements to Meet No Action Demand – In addition to the improvements 

described above, several other modest improvements may be required for 
acceptable operations under the No Action scenario.  These improvements address 
projected No Action scenario deficiencies and are discussed further in the operational 
analysis section. 
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 Figure 3-1:  2010 Gardner No Action ADTs 
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Figure 3-2: 2010 Gardner No Action Peak Hour Turning Movement Volumes 
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Table 3-1:  2010 Gardner No Action Alternative Intersection Analysis 

 
 

  No Action Analysis 
Improved No Action 

Analysis 
 

  AM Peak Hour PM Peak Hour 
AM Peak 

Hour 
PM Peak 

Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS Delay  LOS Delay  LOS Delay LOS

1 175th St/ Waverly Rd TWSC 24.3 (SB) C 14.2 (SB) B     
2 US 56/ Gardner Rd Signalized 17.5 B 17.3 B     
3 US 56/ Elm St Signalized 4.8 A 5.7 A     
4 US 56/ Mulberry St Signalized 5.7 A 4.0 A     
5 US 56/ Moonlight Rd Signalized 26.9 C 22.7 C     

6 
US 56/ Old US 56 

OWSC1 
61.6 (NBL) F 

127.7 
(NBL) F 9.4 A 6.4 A 

7 US 56/ Cedar Niles  Signalized 22.8 C 24.1 C 16.43 B3 18.73 B3 
8 I-35 SB Ramps/ US 56 OWSC1 25.7 (SBL) D2 51.4 (SBL) F2 12.8 B 9.7 A 
9 I-35 NB Ramps/ US 56 OWSC1 55.9 (NB) F 44.6 (NB) E 9.6 A 7.0 A 

10 Moonlight Rd/ Santa Fe Signalized 6.9 A 7.7 A     
11 US 56/ Waverly Rd TWSC 14.7 (NB) B 12.8 (SB) B     
12 183rd St/ Four Corners Rd AWSC 7.0 A 6.9 A     
13 183rd St/ US 56 TWSC 13.1 (EB) B 13.3 (WB) B     
14 183rd St/ Waverly Rd TWSC 9.1 (SB) A 8.9 (NB) A     
15 183rd St/ Gardner Rd TWSC1 48.0 (WBL) E 28.5 (WBL) D 6.9 A 5.6 A 
16 US 56/ Four Corners Rd TWSC 12.4 (NB) B 12.6 (NB) B     
17 191st St/ US 56 TWSC 12.7 (EB) B 13.5 (WB) B     
18 191st St/ Four Corners Rd TWSC 8.6 (WB) A 8.6 (WB) A     
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A     
20 Gardner Rd/ 188th St Signalized 3.4 A 4.3 A     
21 I-35 SB Ramps/Gardner Rd Signalized 6.0 A 18.3 B     
22 I-35 NB Ramps/Gardner Rd Signalized 8.0 A 5.1 A     
23 Gardner Rd/ E 191st St OWSC 10.1 (WB) B 9.3 (WB) A     
24 US 56/ Sunflower Rd TWSC 15.2 (NW) C 15.5 (NW) C     
25 US 56/ E 4th St OWSC 12.5 (NB) B 15.4 (NB) C     
26 199th St/ Four Corners Rd OWSC 9.2 (SB) A 8.9 (SB) A     
27 199th St/ Gardner Rd AWSC 9.3 A 8.9 A     

Notes:  
TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of 
Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
Bold indicates a LOS below the acceptable threshold. 
1 Unsignalized in 2010 No Action, Signalized in Improved 2010 No Action. 
2 The southbound right movement is assumed to be free flow. 
3 Improvement due to signal coordination

2010 Gardner No Action Intersection Operational Analysis 
A total of 28 intersections were examined using the projected 2010 No Action traffic volumes and 
the assumed 2010 No Action transportation network improvements.  The results of this analysis 
are shown in Table 3-1. (Detailed intersection calculations for all of the Gardner No Action 
scenarios are included in Appendix E.)  In this scenario, four study intersections were forecasted 
to operate at LOS E or worse during one or both peak hours.  These intersections include:  

 
• Intersection #6 (US 56/Old US 56): This intersection is an unsignalized 3-leg 

intersection.  The northbound movement is stop-controlled and is expected to 
operate at LOS F in both the a.m. and p.m. peak hours. 

• Intersection #8 (US 56/I-35 southbound ramps): The southbound left-turn movement 
at this intersection is projected to operate at LOS F in the p.m. peak hour.  In 
addition, as traffic grows the southbound right movement can also be expected to 
experience increased delays due to the need to merge onto US 56. 

• Intersection #9 (US 56/I-35 northbound ramps): The northbound ramp approach to 
this intersection is projected to operate below the acceptable LOS threshold during 
both peak hours.    

• Intersection #15 (183rd Street/Gardner Road): The westbound left-turn movement at 
this intersection is projected to operate at LOS E in the a.m. peak period. 
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Table 3-2:  2010 Gardner No Action Freeway/Ramp Operational Analysis 

 
 AM Peak Hour PM Peak Hour 

 Location Lanes
Density 

(pc/mi/ln) LOS 
Density 

(pc/mi/ln) LOS 
Basic Freeway Segments      
I-35 NB      

 
Sunflower to Gardner 2 12.0 B 6.8 A 
Gardner to US 56 2 15.9 B 8.3 A 
US 56 to 151st Street 2 27.4 D 15.4 B 

I-35 SB      
 151st St to US 56 2 12.4 B 26.1 D 
 US 56 to Gardner 2 5.0 A 17.3 B 
 Gardner to Sunflower 2 4.6 A 13.6 B 
       

Ramp Merge/Diverge 
I-35 NB      

 

Gardner Road Off N/A 11.5 B 5.2 A 
Gardner Road On N/A 17.7 B 9.5 A 
US 56 Off N/A 16.2 B 7.1 A 
US 56 EB on-loop N/A 29.5 D 18.6 B 
US 56 WB on N/A 28.2 D 16.5 B 

I-35 SB      

 
 

US 56 Off N/A 11.9 B 27.6 C 
US 56 On N/A 5.8 A 19.0 B 
Gardner Road Off N/A 3.1 A 17.8 B 
Gardner Road On N/A 5.4 A 15.2 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
NA means not applicable 

 
Given that these four intersections are projected to operate below the acceptable LOS threshold 
under the No Action scenario, it was assumed that signals would be installed at these locations 
by mid 2010.  Signals have been discussed in recent traffic studies at the first three of these 
locations (# 6, 8, and 9) and all three of those locations are expected to be near the threshold for 
warranting signals.  Signal warrant studies may be appropriate at all four locations by 2010.  The 
No Action geometry with signals assumed at these locations is referred to as the “Improved No 
Action” analysis and was used as the baseline for the 2010 impact analysis.  With signals at 
these four locations, all intersections are predicted to operate acceptably in the Improved No 
Action scenario.  This provides a practical baseline that meets the minimum LOS standard, from 
which to conduct the Proposed Action impact analysis. 
 
2010 Gardner No Action Freeway and Ramp Analysis 
The 2010 No Action freeway analysis assumed the forecasted volumes presented in Figure 3-1 
and the current mainline and ramp geometry.  The resulting operational analysis (for both 
mainline and ramp junctions) is summarized in Table 3-2.  As the table indicates, all locations are 
forecasted to operate at an acceptable LOS D or better during both peak hours (Detailed freeway 
and ramp calculations for the Gardner No Action scenarios are provided in Appendix E).  
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Table 3-3:  2010 Proposed Action Trip Generation 

 

   AM Peak Hour  PM Peak Hour 

 Daily  in out tota
l  in out tota

l 
Trucks 1,489  32 49 81  57 45 102 

Bobtails 1,065  23 35 58  41 32 73 

Non-Trucks 343  67 67 134  4 6 10 
Total 2,897  122 151 273  102 83 185 
          

Note: Bobtails are not typically measured at existing IMFs.   
A conservative estimate was calculated to capture potential bobtail 
traffic.  Actual bobtail trips are likely to be less than what has been 
projected as trips will be generated by lifts and container staging.   

 
3.1.2 2010 Proposed Action 

 

2010 Proposed Action Forecasts 
The traffic generated by the Proposed Action in Gardner was estimated based on on-site 
employment estimates, expected shift-change patterns and opening day lift projections for the 
Gardner IMF in conjunction with historical data from the existing BNSF Argentine facility.  Based 
on these sources, it was estimated that the Gardner project site would generate approximately 
2,900 vpd in 2010, 273 during the a.m. peak hour and 185 during the p.m. peak hour (Table 3-3).  
The table separates bobtails (unloaded trucks with no chassis) because they are much lighter, 
and affect traffic operations much less than trucks carrying trailers or containers.   
 
Additional information on site-trip generation is provided in Appendix A. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The new auto trips associated with the Proposed Action were distributed to destinations and 
assigned to the local roadway system in a manner consistent with the local land uses and street 
network. The truck traffic was distributed based on the results of a shipper survey.  These truck 
trips were assigned based on minimizing travel times; however, it was assumed that truck traffic 
would be restricted from using 183rd Street as a through street.  The traffic distribution 
assumptions (i.e., trip end locations) for both classes of traffic are provided in Appendix A. 
 
The 2010 Proposed Action ADT and peak-hour forecasts are presented in Figures 3-3 and 3-4. 
The Proposed Action peak hour truck percentages are illustrated in Appendix C. 
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Figure 3-3:  2010 Gardner Proposed Action ADTs 
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Figure 3-4:  2010 Gardner Proposed Action Turning Movement Volumes 
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Table 3-4:  2010 Gardner No Action and Proposed Action Study Intersection 

Analysis 
 

   No Action Analysis Proposed Action Analysis 
   AM Peak hr PM Peak hr AM Peak hr PM Peak hr 
 

Location 

Traffic 
Contro

l 
Delay 

(sec/veh) LOS Delay LOS Delay LOS Delay LOS 
1 175th St/ Waverly Rd TWSC 24.4 (SB) C 14.2 (SB) B 25.0 (SB) D 14.2 (SB) B 
2 US 56/ Gardner Rd Sig 17.5 B 17.3 B 21.0 C 17.5 B 
3 US 56/ Elm St Sig 4.8 A 5.7 A 5.5 A 5.7 A 
4 US 56/ Mulberry St Sig 5.7 A 4.0 A 6.0 A 4.1 A 
5 US 56/ Moonlight Rd Sig 23.2 C 16.4 B 22.9 C 16.6 B 
6 US 56/ Old US 56 Sig 9.4 A 6.4 A 10.7 B 6.3 A 
7 US 56/ Cedar Niles  Sig 19.5 B 19.8 B 15.4 B 20.4 C 
8 I-35 SB Ramps/ US 56 Sig 12.8 B 9.7 A 13.7 B 20.2 C 
9 I-35 NB Ramps/ US 56 Sig 9.6 A 7.0 A 13.3 B 6.3 A 
10 Moonlight Rd/ Santa Fe Sig 8.0 A 7.4 A 7.9 A 7.5 A 
11 US 56/ Waverly Rd TWSC 14.7 (NB) B 12.8 (NB) B 13.9 (NB) B 13.1 (SB) B 
12 183rd St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A 
13 183rd St/ US 56 TWSC 12.8 (WB) B 13.3 (WB) B 11.8 (EB) B 11.2 (EB) B 
14 183rd St/ Waverly Rd TWSC 9.1 (SB) A 8.9 (NB) A 8.7 (WB) A 8.5 (WB) A 
15 183rd St/ Gardner Rd Sig 6.9 A 5.6 A 7.0 A 5.6 A 
16 US 56/ Four Corners TWSC 12.4 (NB) B 12.6 (NB) B 8.9 (SB) A 10.3 (SB) B 
17 191st St/ US 56 TWSC 12.7 (EB) B 13.5 (WB) B 11.2 (EB) B 11.5 (EB) B 
18 191st St/ Four Corners TWSC 8.6 (WB) A 8.6 (WB) A     
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A 10.4 (SB) B 10.1 (SB) B 
20 Gardner Rd/ 188th St Sig 3.6 A 4.3 A 8.1 A 6.2 A 
21 I-35 SB / Gardner Rd Sig 6.0 A 13.5 B 9.5 A 15.0 B 
22 I-35 NB / Gardner Rd Sig 9.3 A 5.2 A 21.0 C 6.8 A 
23 Gardner Rd/ E 191st St OWSC 10.1 (WB) B 9.3 (WB) A 10.1 (WB) B 9.3 (WB) A 
24 US 56/ Sunflower Rd TWSC 15.2 (NW) C 15.5 (NW) C 15.5 (NW) C 15.9 (NW) C 
25 US 56/ E 4th St OWSC 12.5 (NB) B 15.4 (NB) C 12.5 (NB) B 15.4 (NB) C 
26 199th St/ Four Corners OWSC 9.2 (SB) A 8.9 (SB) A 9.2 (SB) A 9.1 (SB) A 
27 199th St/ Gardner Rd AWSC 9.3 A 8.9 A 9.3 A 8.9 A 
80 IMF (Truck Entr)      10.4 (SB) B 10.5 (SB) B 
82 IMF (Gen Staff Entr)      9.2 (EB) A 8.7 (EB) A 
84 IMF (Admin Entr)      9.3 (SB) A 9.5 (SB) A 
Notes:  
TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, 
LOS – Level of Service. 
For one and two-way STOP controlled intersections the delay and LOS for the worst approach is shown.  

2010 Proposed Action Operations Intersection Analysis 
The 2010 Proposed Action operational analysis was conducted based on the 2010 Improved No 
Action geometry and the 2010 Proposed Action traffic volumes discussed in the previous section.  
The resulting levels or service for all study locations are discussed in this section.   
 
The intersection operational analysis is summarized in Table 3-4.  Intersection #1 was forecasted 
to drop from LOS C to D, but none of the study intersections were forecasted to operate below 
the LOS D threshold in the 2010 Proposed Action scenario; therefore, no significant impacts were 
predicted to occur (Detailed intersection analysis sheets for the Proposed Action and Future 
Gardner IMF scenarios are presented in Appendix E).  

 
2010 Proposed Action Freeway and Ramp Analysis  
The 2010 Proposed Action freeway and ramp analysis is summarized in Table 3-5.  Again, none 
of the freeway segments or ramp junctions was forecasted to operate below LOS D in this 
scenario. Therefore, the Proposed Action would result in only minor impacts to freeway and ramp 
operations in 2010, its first year of operations.  Detailed freeway facility operational analysis 
sheets for the Proposed Action and Future Gardner IMF Operations scenarios are presented in 
Appendix E.  
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3.2 Indirect Effects - Future Gardner IMF Operations 
 

3.2.1 2015 Gardner No Action 
 

2015 Gardner No Action Forecast Volumes 
The 2015 Gardner No Action scenario is a near-term scenario for comparing No Action conditions 
to those from the Proposed Action five years after opening day.  It assumes modest near-term 
traffic growth consistent with historical growth in the area.  Based on KDOT count data, and 
consistent with the recently completed I-35 Gardner BIA Study, a growth rate of 2.8 percent per 
year was assumed for intersections and a growth rate of approximately 3.2 percent per year was 
assumed for the I-35 mainline. These growth rates were applied to the existing (2008) volumes.  
 
The resulting 2015 No Action ADT volumes and peak-hour turning movement volumes are 
illustrated in Figures 3-5 and 3-6 and the peak hour truck percentages are illustrated in Appendix 
C. As shown in these figures, traffic is expected to continue to increase on the major study area 
roadways such as I-35, US 56, and Gardner Road even without construction of the Proposed 
Action and any indirect effects of the Proposed Action. 
 
2015 Gardner No Action Geometry Assumptions 
The No Action 2015 roadway network geometry was assumed to be similar to the 2010 Improved 
No Action geometry with the exception that it was assumed that all-way stop control would be 
implemented at the intersection of Waverly Road and 175th Street (Intersection #1), an 
improvement that was considered necessary to provide an adequate baseline LOS.  KDOT is 
currently pursuing the development of a new interchange on I-35 between Sunflower Road and 
Gardner Road.  It was assumed that the new interchange would not be operational until at least 
2015.  Therefore, to be conservative, the 2015 analysis did not include the new interchange and, 
as a result, presents the traffic conditions before the new interchange would open. 

                                                                
Table 3-5:  2010 Proposed Action Freeway/Ramp Operational Analysis 

 
 AM Peak Hour PM Peak Hour 

 Location Lanes
Density 

(pc/mi/ln) LOS 
Density 

(pc/mi/ln) LOS 
Basic Freeway Segments      
I-35 NB      

 
Sunflower to Gardner 2 12.1 B 6.8 A 
Gardner to US 56 2 17.3 B 9.1 A 
US 56 to 151st Street 2 29.3 D 16.2 B 

I-35 SB      
 151st St to US 56 2 13.1 B 27.3 D 
 US 56 to Gardner 2 5.9 A 18.3 C 
 Gardner to Sunflower 2 4.7 A 13.6 B 
       

Ramp Merge/Diverge 
I-35 NB      

 

Gardner Road Off N/A 11.6 B 5.2 A 
Gardner Road On N/A 19.5 B 9.9 A 
US 56 Off N/A 17.8 B 8.0 A 
US 56 EB on-loop N/A 30.9 D 19.5 B 
US 56 WB on N/A 29.9 D 17.6 B 

I-35 SB      

 
 

US 56 Off N/A 12.9 B 28.7 D 
US 56 On N/A 6.6 A 19.9 B 
Gardner Road Off N/A 4.2 A 19.0 B 
Gardner Road On N/A 5.6 A 15.5 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
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Figure 3-5:  2015 Gardner No Action ADTs 
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Figure 3-6:  2015 Gardner No Action Turning Movement Volumes 
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Table 3-6:  2015 Gardner No Action Study Intersection Analysis 

 
   No Action Analysis 
   AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd AWSC 15.1 C1 12.3 B1 
2 US 56/ Gardner Rd Signalized 32.1 C 28.1 C 
3 US 56/ Elm St Signalized 6.4 A 4.2 A 
4 US 56/ Mulberry St Signalized 7.6 A 4.2 A 
5 US 56/ Moonlight Rd Signalized 25.9 C 21.1 C 
6 US 56/ Old US 56 Signalized 10.8 B 6.7 A 
7 US 56/ Cedar Niles  Signalized 17.4 B 22.7 C 
8 I-35 SB Ramps/ US 56 Signalized 29.8 C 17.0 B 
9 I-35 NB Ramps/ US 56 Signalized 11.0 B 7.6 A 

10 Moonlight Rd/ Santa Fe Signalized 8.3 A 8.4 A 
11 US 56/ Waverly Rd TWSC 16.1 (NB) C 13.1 (SB) B 
12 183rd St/ Four Corners Rd AWSC 7.1 (NB) A 7.2 (NB) A 
13 183rd St/ US 56 TWSC 14.2 (EB) B 14.5 (WB) B 
14 183rd St/ Waverly Rd TWSC 9.2 (SB) A 9.0 (NB) A 
15 183rd St/ Gardner Rd Signalized 19.1 B 15.0 B 
16 US 56/ Four Corners Rd TWSC 13.3 (NB) B 13.8 (NB) B 
17 191st St/ US 56 TWSC 13.7 (EB) B 14.5 (WB) B 
18 191st St/ Four Corners Rd TWSC 8.6 (WB) A 8.6 (WB) A 
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A 
20 Gardner Rd/ 188th St Signalized 3.7 A 4.0 A 
21 I-35 SB Ramps/ Gardner Rd Signalized 5.4 A 12.7 B 
22 I-35 NB Ramps/ Gardner Rd Signalized 15.4 B 6.9 A 
23 Gardner Rd/ E 191st St OWSC 10.4 (WB) B 9.9 (WB) A 
24 US 56/ Sunflower Rd TWSC 17.2 (NW) C 18.9 (NW) C 
25 US 56/ E 4th St OWSC 14.6 (NB) B 19.0 (NB) C 
26 199th St/ Four Corners Rd OWSC 9.3 (SB) A 9.0 (SB) A 
27 199th St/ Gardner Rd AWSC 9.9 A 9.4 A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way 
STOP control, LOS – Level of Service. 
For one and two-way STOP controlled intersections the delay and LOS for the worst approach 
is shown.  
1 This LOS reflects four-way stop control.  With the existing two-way stop control, the LOS 
would be E (38.3 sec/veh) and C (16 sec/veh) in the am and pm peaks, respectively. 

2015 Gardner No Action Operations Intersection Analysis 
The results of the 2015 No Action operations intersection analysis are shown in Table 3-6. Given 
the assumed geometry described in the previous section, none of the intersections in this 
scenario are forecasted to operate below LOS D during the a.m. or p.m. peak periods.  Therefore, 
only minor impacts are predicted for intersections in 2015 as a result of the No Action Alternative, 
assuming the previously discussed intersection improvements.  
 

2015 Gardner No Action Freeway and Ramp Analysis 
The 2015 No Action freeway analysis is summarized in Table 3-7. With the additional future 
traffic, LOS on these facilities is forecasted to decrease from the existing primarily A/B levels, to 
C/D levels in a few cases.  In particular, the northbound volume north of US 56 is 0.5 below the 
LOS E density threshold of 35 passenger cars per lane per mile. There are, however, no 
locations forecasted to operate at LOS E or worse in this scenario; therefore only minor impacts 
would occur to freeway facilities and ramps as a result from the 2015 No Action Alternative. 
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Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

 
 
3.2.2 2015 Gardner IMF Operations 
 
2015 Gardner IMF Operations Forecasts 
The 2015 trip generation and distribution process for the Gardner IMF was identical to that used 
for the 2010 scenario, only with a higher annual lift count (495,000 in 2015 as compared to 
415,000 in 2010).  This higher lift 
count resulted in more trips - a 
total of nearly 3,500 vpd, 
including 335 during the a.m. 
peak hour and 222 during the 
p.m. peak hour.  Table 3-8 
summarizes the 2015 trip 
generation assumptions.  
Additional information on the 
daily and peak hour trip 
generation is provided in 
Appendix A. 
 
The 2015 Gardner IMF 
Operations ADT and peak-hour 
forecasts are shown in Figures 3-7 and 3-8. The peak hour truck percentages are illustrated in 
Appendix C. The operational analysis for this scenario was conducted based on the 2015 
Improved No Action geometry and the 2015 Gardner IMF Operations traffic volumes.  The 
resulting levels or service for all study locations are discussed in the following sections. 
 

                                                                
Table 3-7:  2015 Gardner No Action Freeway/Ramp Operational Analysis 

 
 AM Peak Hour PM Peak Hour 

 Location Lanes
Density 

(pc/mi/ln) LOS 
Density 

(pc/mi/ln) LOS 
Basic Freeway Segments      
I-35 NB      

 
Sunflower to Gardner 2 14.0 B 7.9 A 
Gardner to US 56 2 18.6 C 9.7 A 
US 56 to 151st Street 2 34.5 D 17.7 B 

I-35 SB      
 151st St to US 56 2 14.2 B 32.3 D 
 US 56 to Gardner 2 5.8 A 20.1 C 
 Gardner to Sunflower 2 5.4 A 16 B 
Ramp Merge/Diverge 
I-35 NB 
 Gardner Road Off N/A 13.9 B 6.5 A 
 Gardner Road On N/A 20.5 C 11.0 B 
 US 56 Off N/A 19.4 B 8.7 A 
 US 56 EB on-loop N/A 33.9 D 21.2 C 
 US 56 WB on N/A 32.8 D 19.2 B 
I-35 SB 

 US 56 Off N/A 14.1 B 32.5 D 
 US 56 On N/A 6.6 A 22.0 C 
 Gardner Road Off N/A 4.0 A 21.2 C 
 Gardner Road On N/A 6.3 A 17.7 B 

Table 3-8:  2015 Gardner IMF Operations Trip Generation 

   AM Peak Hour  PM Peak Hour 

 Daily  in out total  in out total 

Trucks 1,776  39 58 97  68 54 122 

Bobtails 1,270  28 42 70  49 38 87 

Non-Trucks 430  84 84 168  5 8 13 
Total 3,476  151 184 335  122 100 222 

Note: Bobtails are not typically measured at existing IMFs.  A conservative 
estimate was calculated to capture potential bobtail traffic.  Actual bobtail trips 
are likely to be less than what has been projected as trips will be generated by 
lifts and container staging.   
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Figure 3-7:  2015 Gardner IMF Operations ADTs  
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Figure 3-8:  2015 Future Gardner IMF Operations Turning Movement Volumes  
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Table 3-9:  2015 Gardner No Action and Future Gardner IMF Operations Study 

Intersection Analysis 
 

   No Action Analysis Proposed Action Analysis 
   AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr 

 
Location 

Traffic 
Control

Delay 
(sec/veh) LOS Delay LOS Delay LOS Delay LOS 

1 175th St/ Waverly Rd AWSC 15.1 C 12.3 B 15.5 C 12.4 B 
2 US 56/ Gardner Rd Sig 24.9 C 27.1 C 26.1 C 27.8 C 
3 US 56/ Elm St Sig 4.5 A 3.8 A 4.7 A 3.9 A 
4 US 56/ Mulberry St Sig 5.4 A 3.8 A 5.7 A 3.7 A 
5 US 56/ Moonlight Rd Sig 27.6 C 24.8 C 28.4 C 22.7 C 
6 US 56/ Old US 56 Sig 9.9 A 9.2 A 11.1 B 9.5 A 
7 US 56/ Cedar Niles  Sig 19 B 21.5 C 15.7 B 21.4 C 
8 I-35 SB Ramps/ US 56 Sig 13.5 B 16.7 B 16.4 B 34.8 C 
9 I-35 NB Ramps/ US 56 Sig 12.2 B 7 A 14.7 B 8.3 A 
10 Moonlight Rd/ Santa Fe Sig 8.4 A 8.6 A 8.2 A 8.1 A 
11 US 56/ Waverly Rd TWSC 16.1 (NB) C 13.0 (SB) B 16.2 (NB) C 13.8 (SB) B 
12 183rd St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A 
13 183rd St/ US 56 TWSC1 14.2 (EB) B 14.5 (WB) B 12.7 (EB) B 12.8 (EB) B 
14 183rd St/ Waverly Rd TWSC1 9.2 (SB) A 9.0 (NB) A 8.9 (WB) A 8.5 (WB) A 
15 183rd St/ Gardner Rd Sig 19.1 B 15 B 13.2 B 8.8 A 
16 US 56/ Four Corners TWSC1 13.3 (NB) B 13.8 (NB) B 9.0 (SB) A 10.7 (SB) B 
17 191st St/ US 56 TWSC1 13.7 (EB) B 14.5 (WB) B 11.9 (EB) B 12.2 (EB) B 
18 191st St/ Four Corners TWSC 8.6 (WB) A 8.6 (WB) A -- -- -- -- 
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A 10.8 (SB) B 10.3 (SB) B 
20 Gardner Rd/ 188th St Sig 3.7 A 4 A 11.3 B 5.7 A 
21 I-35 SB / Gardner Rd Sig 5.4 A 12.7 B 12 B 13.6 B 
22 I-35 NB / Gardner Rd Sig 15.4 B 6.9 A 53.5 D 9.3 A 
23 Gardner Rd/ E 191st St OWSC 10.4 (WB) B 9.5 (WB) A 10.4 (WB) B 9.5 (WB) A 
24 US 56/ Sunflower Rd TWSC 17.2 (NW) C 18.9 (NW) C 18.2 (NW) C 20.0 (NW) C 
25 US 56/ E 4th St OWSC 14.6 (NB) B 19.0 (NB) C 14.7 (NB) B 19.3 (NB) C 
26 199th St/ Four Corners OWSC 9.3 (SB) A 9.0 (SB) A 9.4 (SB) A 9.3 (SB) A 
27 199th St/ Gardner Rd AWSC 9.9 A 9.4 A 10.1 B 9.5 A 
80 IMF (Truck Entr) OWSC -- -- -- -- 10.6 (SB) B 10.8 (SB) B 
82 IMF (Gen Staff Entr) OWSC -- -- -- -- 9.2 (EB) A 8.7 (EB) A 
84 IMF (Admin Entr) OWSC -- -- -- -- 9.7 (SB) A 9.4 (SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
1
 In the Proposed Action scenario these intersections become OWSC due to road closures.  

2015 Gardner IMF Operations Intersection Analysis 
The intersection operational analysis is summarized in Table 3-9.  One intersection (Intersection 
#22, I-35 Northbound Ramps/Gardner Road) was forecasted to drop to LOS D, but none of the 
study intersections would operate below the LOS D threshold in the 2015 Gardner IMF 
Operations scenario.  Therefore, only minor impacts are predicted in 2015 to local intersections 
as a result of the Proposed Action. 
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2015 Gardner IMF Operations Freeway and Ramp Analysis 
The 2015 Gardner IMF Operations freeway and ramp analysis is summarized in Table 3-10.  One 
freeway segment that was forecasted to operate at LOS D (near the LOS E boundary) under No 
Action conditions is shown to just cross the LOS E threshold under this scenario: 
 

• I-35 Northbound, US 56 to 151st Street:  This segment is projected to operate at LOS 
E during the a.m. peak hour.  Widening I-35 to carry three lanes in each direction is 
included in MARC’s Long-Range Transportation Plan (LRTP) for construction 
sometime between 2011 and 2020, and would improve the LOS to acceptable levels. 

 
A related LOS issue also is forecasted to occur on the US 56 eastbound on-loop to US 56: the 
LOS drops from D (near the E threshold) to E (just over the threshold).  Again, the programmed 
improvements in MARC’s LRTP should improve this LOS to acceptable levels. 
 
In summary, although the analysis identified two LOS issues, both would be anticipated to be 
addressed by planned improvements in the fairly near term.  If for some reason, the planned 
improvements to I-35 do not follow what is currently outlined in the LRTP, the 2015 traffic 
volumes would be near the LOS D/E threshold.  Only minimal traffic diversion to the local and 
regional arterial street system in 2015 would be expected. 
 
3.2.3 2030 Gardner No Action  

 
2030 Gardner No Action Forecast Volumes 
The 2030 Gardner No Action scenario is a long-term scenario for comparing No Action and 
Proposed Action plus the associated indirect effects conditions based on a 20-year time horizon 

Table 3-10: 2015 Gardner IMF Operations Freeway/Ramp Operational 
Analysis 

 

 AM Peak Hour PM Peak Hour 

 Location Lanes
Density 

(pc/mi/ln) LOS 
Density 

(pc/mi/ln) LOS 
Basic Freeway Segments      
I-35 NB      

 
Sunflower to Gardner 2 14.1 B 7.9 A 
Gardner to US 56 2 19.9 C 10.7 A 
US 56 to 151st Street 2 37.3 E 18.8 C 

I-35 SB      
 151st St to US 56 2 15.2 B 34.5 D 
 US 56 to Gardner 2 6.8 A 21.4 C 
 Gardner to Sunflower 2 5.5 A 16 B 
       

Ramp Merge/Diverge 
I-35 NB      

 

Gardner Road Off N/A 14 B 6.6 A 
Gardner Road On N/A 22.6 C 11.5 B 
US 56 Off N/A 21 C 9.9 A 
US 56 EB on-loop N/A 35.2 E 22.3 C 
US 56 WB on N/A 34.4 D 20.5 C 

I-35 SB      

 
 

US 56 Off N/A 15.3 B 33.8 D 
US 56 On N/A 7.6 A 23.1 C 
Gardner Road Off N/A 5.3 A 22.7 C 
Gardner Road On N/A 6.5 A 18.1 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 



Proposed Gardner Intermodal Facility  

Traffic Technical Report 45 May 2009 
 

from opening year.  The forecasts developed for this scenario were developed using the OTM, 
adjusted as necessary to refine network and land use assumptions.  This model takes into 
account both long-term land use projections as well as future roadway improvements that are 
expected to be in place by the horizon year of 2030.  The assumptions used in this analysis were 
developed through a consensus process with appropriate federal, state, and local agencies.  The 
assumptions and the forecasting process are presented in detail in Appendix A.  It was assumed 
a new I-35 interchange would be available by 2030 between Gardner Road and Sunflower Road.  
For purposes of this analysis, the interchange was assumed to be located near 199th Street and 
Waverly Road and Waverly Road would be extended south to 199th Street.  A break-in-access 
study has been prepared and KDOT is currently evaluating possible new interchange locations 
and preparing NEPA documentation. 
 
The resulting 2030 No Action ADT volumes and peak-hour turning movement volumes are 
illustrated in Figures 3-9 and 3-10.  Peak hour truck percentages are illustrated in Appendix C. As 
these are long-term forecasts, taking into account both new land uses and new highway 
improvements, the changes from 2015 to 2030 are considerable in some areas.  For example, 
traffic volumes are projected to increase appreciably on US 56 (in the eastern portion of the study 
area) and I-35.  Volumes at both the I-35/US 56 and I-35/Gardner Road interchanges also 
forecasted to increase appreciably.  Due to the assumption of a new interchange at Waverly, 
traffic volumes on US 56 between Waverly Road and Sunflower Road are actually forecasted to 
decrease, while traffic volumes on Waverly Road and 199th Street are projected to increase.  
Some specific highlights in comparing existing and 2030 ADTs: 

 
• Daily volumes on I-35 are forecasted to roughly double, from a current 28,000-46,000 

vpd (vpd) range to a 56,000-96,000 range. 

• Daily volumes on US 56 between Gardner Road/Center Street and I-35 are 
forecasted to increase from an existing 19,000-26,000 to a 33,000-43,000 vpd range.  
East of I-35, volumes are forecasted to jump from 7,300 to 33,000 vpd. 

• Daily volumes on Gardner Road/Center Street are expected to increase from a 
current 5,000-7,000 vpd range to a 21, 000-28,000 range. 

• 199th Street is expected to increase from current volumes on the order of 1,000 vpd to 
volumes ranging from 8,000 to 16,000 vpd. 

 
Similar increases were forecasted during the a.m. and p.m. peak hours. 

 
2030 Gardner No Action Geometry Assumptions 
The No Action 2030 roadway network geometry includes a number of assumed enhancements to 
attempt to provide sufficient capacity for the projected 2030 No Action traffic.  Figure 3-11 
illustrates the assumed geometry and control for the study intersections. 
 
The model includes many other assumptions regarding future improvements for the entire area 
covered by the model.  These future improvements were assumed to be consistent with agency 
plans and were not changed as part of this project. 
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Figure 3-9:  2030 Gardner No Action ADTs 
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Figure 3-10:  2030 Gardner No Action Turning Movement Volumes 
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Figure 3-11:  2030 Gardner No Action Lane Configuration and Traffic Control    
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Table 3-11:  2030 Gardner No Action and Improved No Action Study Intersection Analysis 
 

   No Action  Improved No Action  
   AM Peak hr PM Peak hr AM Peak hr PM Peak hr 
 

Location 
Traffic 
Control

Delay 
(sec/veh) LOS Delay LOS Delay LOS Delay LOS 

1 175th St/ Waverly Rd Sig 19.0 B 15.4 B 19.0 B 15.4 B 
2 US 56/ Gardner Rd Sig 29.2 C 27.5 C 29.1 C 27.2 C 
3 US 56/ Elm St Sig 6.7 A 8.2 A 6.7 A 8.2 A 
4 US 56/ Mulberry St Sig 5.6 A 4.4 A 5.6 A 4.4 A 
5 US 56/ Moonlight Rd Sig 105.1 F 111 F 105.9 F 111.4 F 
6 US 56/ Old US 56 Sig 13.9 B 91.7 F 13.7 B 24.9 C 
7 US 56/ Cedar Niles  Sig 36.8 D 60 E 36.7 D 60.4 E 
8 I-35 SB Ramps/ US 56 Sig 119.7 F 184.6 F 119.3 F 184.3 F 
9 I-35 NB Ramps/ US 56 Sig 20.8 C 12.4 B 21 C 12.5 B 
10 Moonlight Rd/ Santa Fe Sig 22.2 C 20.9 C 22.1 C 19.3 B 
11 US 56/ Waverly Rd Sig 25.8 C 34.1 C 25.8 C 34.0 C 
12 183rd St/ Four Corners AWSC 8.4 A 8.6 A 8.4 A 8.6 A 
13 183rd St/ US 56 TWSC 12.4 (WB) B 13.4 (EB) B 12.4 (WB) B 13.4 (EB) B 
14 183rd St/ Waverly Rd TWSC 12.0 (NB) B 13.0 (SB) B 12.0 (NB) B 13.0 (SB) B 
15 183rd St/ Gardner Rd Sig 27.8 C 25.5 C 24.6 C 18.9 B 
16 US 56/ Four Corners TWSC 15.8 (SB) C 18.2 (NB) C 15.8 (SB) C 18.2 (NB) C 
17 191st St/ US 56 TWSC 11.0 (EB) B 11.4 (EB) B 11.0 (EB) B 11.4 (EB) B 
18 191st St/ Four Corners OWSC 10.3 (WB) B 10.0 (WB) B 10.3 (WB) B 10.0 (WB) B 
19 191st St/ Waverly Rd TWSC 10.0 (SB) A 10.8 (SB) B 10.0 (SB) A 10.8 (SB) B 
20 Gardner Rd/ 188th St Sig 24.4 C 36.1 D 24.3 C 37.6 D 
21 I-35 SB / Gardner Rd Sig 118.9 F 247.5 F 13.1 B 24.3 C 
22 I-35 NB / Gardner Rd Sig 483.4 F 373.5 F 39.9 D 21.1 C 
23 Gardner Rd/ E 191st St Sig1 93.7 (WB) F 191.8 (WB) F 6.3 A 9.5 A 
24 US 56/ Sunflower Rd Sig 18.6 B 20.8 C 19.0 B 19.3 B 
25 US 56/ E 4th St Sig 11.0 B 11.9 B 10.9 B 11.7 B 
26 199th St/ Four Corners OWSC 20.0 (SB) C 20.8 (SB) C 20.0 (SB) C 20.8 (SB) C 
27 199th St/ Gardner Rd Sig 26.0 C 21.6 C 27.0 C 21.7 C 
37 199th St/Waverly Rd OWSC 16.9 (SB) C 21.1 (SB) C 16.9 (SB) C 21.1 (SB) C 
38 199th St/I-35 SB Sig 14.6 B 20.3 C 16.5 B 21.1 C 
39 199th St/I-35 NB Sig 13.0 B 8.3 A 14.0 B 7.7 A 
40 199th St/Waverly Rd OWSC 10.6 (NB) B 11.1(NB ) B 10.6 (NB) B 11.1 (NB) B 
Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown.  
1  Unimproved condition is unsignalized.

2030 Gardner No Action Intersection Analysis 
The results of the 2030 No Action intersection analysis are shown in Table 3-11.  As the table 
indicates, several study intersections are forecasted to operate at LOS E or worse under this 
scenario during one or both peak hours.  

 

• Intersections #5 through #8 (US 56 from Moonlight Road to I-35 southbound ramps): 
All four of these study intersections are projected to operate at LOS E or F during the 
a.m. and p.m. peak hours.  The primary factor affecting operations at these 
intersections is heavy forecasted traffic on US 56 (peaking in the eastbound direction 
in the morning and the westbound direction during the evening).  The basic 
conclusion that can be drawn from these results is that US 56 would require three 
through lanes in each direction from I-35 to at least Moonlight Road under this 
scenario (No Action Alternative).   Additionally, it may be that Moonlight Road in 
particular, may need future attention for vehicles approaching US 56 from the south, 
as queuing in the vicinity of the railroad tracks will likely continue to increase. 

 
• Intersections #21 and #22 (I-35/Gardner Road interchange): Both of the ramp 

intersections are forecasted to operate at LOS F during both peak hours, with volumes 
far exceeding the improved capacities assumed for the No Action Alternative in 2030.  
These results suggest that the interchange would need to be reconstructed to provide a 
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wider bridge (with perhaps a 7-lane cross-section: two through lanes in each direction, 
two southbound left-turn lanes, and one northbound left-turn lane), and widened off-
ramps (likely four lanes on the southbound off-ramp approach and three lanes on the 
northbound off-ramp approach).  Further, the southbound off-ramp would likely need to 
be a two-lane exit from I-35.   

 
• Intersection #23 (Gardner Road/191st Street south): The stop-controlled westbound 

(191st Street) approach to this unsignalized intersection is forecasted to operate at 
LOS F during both peak hours.  Forecasted commercial, residential, and industrial 
growth on Gardner Road south of the intersection would result in heavy north-south 
through volumes, delaying side-street motorists.  This level of traffic indicates that 
Gardner Road south of the I-35 interchange might eventually need to be widened to 
four lanes to serve future development.  At this particular intersection, signalization or 
turn prohibitions might eventually be necessary to improve side-street operations. 

 
Overall, the 2030 No Action traffic operational analysis demonstrates that many key intersections in 
the study area are expected to reach or exceed capacity even with the planned transportation network 
improvements assumed in this analysis. These future operational deficiencies are predicted to occur 
regardless of the Proposed Action and any indirect effects of the Proposed Action.  
 

In evaluating the No Action scenario, it became evident that several of the intersections would 
likely be improved by 2030 to address LOS issues associated with the projected traffic growth in 
the area.  Therefore, an Improved No Action scenario was developed that included improvements 
that would be anticipated to occur in this time frame, but that have not been explicitly identified by 
state or local agencies.  The effects of these potential improvements are summarized in the right 
half of Table 3-11.  Each is discussed as follows: 
 

• Intersection #6 (US 56/Old US 56): The improvements include signalization and 
widening of the Old US 56 approach to provide a second left-turn lane. 

• Intersection #21 (I-35 Southbound Ramps/Gardner Road): The major improvement 
assumed at the interchange is widening the Gardner Road overpass to provide a 4-
lane bridge (plus turn lanes).  At Intersection 21, this would allow restriping to convert 
the outside southbound right-turn lane to a shared through/right-turn lane.   

• Intersection #22 (I-35 Northbound Ramps/Gardner Road): With the widened Gardner 
Road bridge, the southbound approach would provide two through lanes and dual 
left-turn lanes (with the northbound on-ramp widened to accept them).  The 
improvements also assume construction of a northbound right-turn lane. 

• Intersection #23 (Gardner Road/191st Street south): The improvements include 
installation of a traffic signal. 

 
2030 Gardner No Action Freeway and Ramp Analysis 
The 2030 No Action freeway analysis assumed the forecasted volumes shown in Figure 3-10 and 
the projected 2030 mainline and ramp geometry (including mainline widening of I-35 to six lanes 
north of US 56).  The resulting operational analysis (for both mainline and ramp junctions) is 
summarized in Table 3-12. 
 
With the forecasted traffic increases described in the previous section, one freeway segment (I-35 
northbound between US 56 and 151st Street) is projected to operate below the acceptable LOS 
threshold under 2030 No Action conditions:   

• I-35 mainline, US 56 to 151st Street: This segment was projected to just exceed the 
LOS E threshold in the northbound direction during the a.m. peak hour without 
constructing the Proposed Action.  This result suggests that additional capacity on 
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Table 3-12:  2030 Gardner No Action Freeway Operational Analyses 

 
   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 
(pc/mi/ln

) 

LO
S 

Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments 
I-35 NB      

 

Sunflower to Waverly 2 24.5 C 13.4 B 
Waverly to Gardner 3 17.9 B 11.2 B 
Gardner to US 56 3 24.1 C 15.5 B 
US 56 to 151st Street 3 35.3 E 23.5 C 

I-35 SB      

 

151st St to US 56 3 19.2 C 33.3 D 
US 56 to Gardner 3 12.8 B 26.5 D 
Gardner to Waverly 3 9.3 A 19.2 C 
Waverly to Sunflower 2 11.0 B 28.0 D 

Ramp Merge/Diverge     
I-35 NB      

 

Waverly Road Off N/A 26.1 C 13.2 B 
Waverly Road On N/A 19.9 B 13.0 B 
Gardner Road Off N/A 19.3 B 11.7 B 
Gardner Road On N/A 28.5 D 19.0 B 
US 56 Off N/A 26.0 C 17.1 B 
US 56 EB on-loop N/A 34.7 D 26.2 C 
US 56 WB on N/A 31.6 D 24.3 C 

I-35 SB      

 
 

US 56 Off N/A 9.8 A 19.0 B 
US 56 On N/A 14.3 B 28.5 D 
Gardner Road Off N/A 15.1 B 29.5 D 
Gardner Road On N/A 10.0 B 20.5 C 
Waverly Road Off N/A 10.0 A 21.1 C 
Waverly Road On N/A 12.2 B 29.3 D 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold.

                                                 
Table 3-13:  2030 Gardner IMF Operations Trip 

Generation 
 

   AM Peak Hour  PM Peak Hour 

 Daily  in out tota
l  in out tota

l 
Trucks 3,121  68 103 171  120 94 214 

Bobtails 2,233  49 73 122  86 67 153 
Non-
Trucks 691  135 135 270  7 14 21 

Total 6,045  252 311 563  213 175 388 
Note: Bobtails are not typically measured at existing IMFs.  A 
conservative estimate was calculated to capture potential bobtail 
traffic.  Actual bobtail trips are likely to be less than what has 
been projected as trips will be generated by lifts and container 
staging.   

this portion of I-35 may be required to accommodate long-term traffic volumes; 
however, no additional capacity has been planned in the LRTP.  

 

 

3.2.4 2030 Gardner IMF Operations 
 

2030 Gardner IMF Operations Forecasts 
The 2030 trip generation approach for the 
intermodal facility was identical to that of 
the 2015 scenario, only with a higher 
annual lift count (870,000 in 2030 as 
compared to 495,000 in 2015) resulting in 
more trips – a total of nearly 6,045 vpd, 
including 563 during the a.m. peak hour 
and 388 during the p.m. peak hour.  Table 
3-13 summarizes the 2030 trip generation 
assumptions.  The IMF trip distribution and 
assignment process employed the OTM 
and combined the results of surveys and 
other data to distribute truck traffic for the 
analysis. Additional information on the 
daily and peak hour trip generation and 
distribution is provided in Appendix A. 
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The 2030 Gardner IMF Operations ADT and peak hour forecasts are illustrated in Figures 3-12 
and 3-13 and the peak hour truck percentages are presented in Appendix C. The operational 
analysis for this scenario was conducted based on the 2030 Improved No Action geometry and 
the 2030 Gardner IMF Operations traffic volumes.  The resulting LOS for all study locations are 
discussed in the following sections. 
 

Figure 3-12:  2030 Gardner IMF Operations ADTs 
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Figure 3-13:  2030 Gardner IMF Operations Turning Movement Volumes  
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Table 3-14:  2030 Gardner Improved No Action and Future IMF Operations 

Study Intersection Analysis 
 

   Improved No Action  Proposed Action  

   AM Peak hr PM Peak hr AM Peak hr PM Peak hr 

 Location Traffic 
Control

Delay 
(sec/veh)

LOS Delay LOS Delay LOS Delay LOS

1 175th St/ Waverly Rd Sig 19.0 B 15.4 B 20.6 C 15.8 B 
2 US 56/ Gardner Rd Sig 29.1 C 27.2 C 31.0 C 31.8 C 
3 US 56/ Elm St Sig 6.7 A 8.2 A 6.9 A 8.2 A 
4 US 56/ Mulberry St Sig 5.6 A 4.4 A 5.6 A 4.6 A 
5 US 56/ Moonlight Rd Sig 105.9 F 111.4 F 107.8 F 121.4 F 
6 US 56/ Old US 56 Sig 13.7 B 24.9 C 14.6 B 28.3 C 
7 US 56/ Cedar Niles  Sig 36.7 D 60.4 E 37.7 D 60.9 E 
8 I-35 SB Ramps/ US 56 Sig 119.3 F 184.3 F 116 F 185.4 F 
9 I-35 NB Ramps/ US 56 Sig 21.0 C 12.5 B 20.4 C 12.7 B 
10 Moonlight Rd/ Santa Fe Sig 22.1 C 19.3 B 22.7 C 19.9 B 
11 US 56/ Waverly Rd Sig 25.8 C 34 C 27.5 C 36.7 D 
12 183rd St/ Four Corners AWSC 8.4 A 8.6 A 7.4 A 7.4 A 
13 183rd St/ US 56 TWSC 12.4 (WB) B 13.4 (EB) B 10.5 (EB) B 10.7 (EB) B 
14 183rd St/ Waverly Rd TWSC 12.0 (NB) B 13.0 (SB) B 12.6 (WB) B 11.2 (WB) B 
15 183rd St/ Gardner Rd Sig 24.6 C 18.9 B 25.7 C 30.5 C 
16 US 56/ Four Corners TWSC 15.8 (SB) C 18.2 (NB) C 8.9 (SB) A 9.2 (SB) A 
17 191st St/ US 56 TWSC 11.0 (EB) B 11.4 (EB) B 10.2 (EB) B 10.8 (EB) B 
18 191st St/ Four Corners OWSC 10.3 (WB) B 10.0 (WB) B  Does not  exist   Does not  exist  
19 191st St/ Waverly Rd TWSC 10.0 (SB) A 10.8 (SB) B 14.9 (SB) B 22.8 (NB) C 
20 Gardner Rd/ 188th St Sig 24.3 C 37.6 D 25.9 C 37.9 D 
21 I-35 SB / Gardner Rd Sig 13.1 B 24.3 C 12.9 B 25.3 C 
22 I-35 NB / Gardner Rd Sig 39.9 D 21.1 C 42.4 D 28 C 
23 Gardner Rd/ E 191st St Sig* 6.3* A 9.5* A 6.5 A 9.6 A 
24 US 56/ Sunflower Rd Sig 19.0 B 19.3 B 18.7 B 27.1 C 
25 US 56/ E 4th St Sig 10.9 B 11.7 B 11.2 B 12.3 B 
26 199th St/ Four Corners OWSC 20.0 (SB) C 20.8 (SB) C 44.5 (SB) E 51.7 (SB) F 
27 199th St/ Gardner Rd Sig 27.0 C 21.7 C 27 C 23.2 C 
37 199th St/Waverly Rd OWSC 16.9 (SB) C 21.1 (SB) C 32.5 (SB) D 47.6 (SW) E 
38 199th St/I-35 SB Sig 16.5 B 21.1 C 22.6 C 48.4 D 
39 199th St/I-35 NB Sig 14.0 B 7.7 A 22.7 C 9.5 A 
40 199th St/Waverly Rd OWSC 10.6 (NB) B 11.1 (NB) B 10.2 (NB) B 10.5 (NB) B 
80 IMF (Truck Entr) -- -- -- -- -- 13.5(SB) B 14.4(SB) B 
82 IMF (Gen Staff Entr) -- -- -- -- -- 13.3(EB) B 10.9(EB) B 
84 IMF (Admin Entr) -- -- -- -- -- 9.2(SB) A 9.0(SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown.  

2030 Gardner IMF Operations Intersection Analysis 
Table 3-14 summarizes the results of the intersection analysis for this scenario.  As the table 
indicates, the three intersections that were projected to operate below the acceptable LOS 
threshold under the Improved No Action scenario are projected to continue to operate at the 
same LOS with the addition of the Proposed Action and associated indirect effects, with generally 
minor changes in delay.  Because these intersections were predicted to experience LOS below 
the acceptable threshold without the Proposed Action, impacts to these intersections from the 
Proposed Action are considered to be minor.  However, two additional intersections were 
predicted to operate below the acceptable threshold at LOS E or F:  
 
• Intersection #26 (199th Street/Four Corners Road): The southbound approach to the 

intersection is projected to operate at LOS E during the a.m. peak hour, and LOS F during the 
p.m. peak hour.   

• Intersection #37 (199th Street/Waverly Road): The southbound approach to this future 
intersection is projected to operate at LOS E during the p.m. peak hour.  

 
These LOS conditions are considered to be moderate impacts in 2030.   
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Table 3-15:  2030 Gardner IMF Operations Freeway/Ramp Analysis 
 

   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 
(pc/mi/ln

) 

LO
S 

Density 
(pc/mi/ln) 

LO
S 

Basic Freeway Segments 
I-35 NB      

 

Sunflower to Waverly 2 24.6 C 13.0 B 
Waverly to Gardner 3 19.0 C 11.9 B 
Gardner to US 56 3 25.5 C 16.3 B 
US 56 to 151st Street 3 37.2 E 24.2 C 

I-35 SB      

 

151st St to US 56 3 20.1 C 35.0 D 
US 56 to Gardner 3 14.0 B 27.6 D 
Gardner to Waverly 3 10.1 A 20.5 C 
Waverly to Sunflower 2 11.1 B 27.1 D 

Ramp Merge/Diverge     
I-35 NB      

 

Waverly Road Off N/A 26.2 C 13.2 B 
Waverly Road On N/A 23.0 C 15.9 B 
Gardner Road Off N/A 20.4 C 12.9 B 
Gardner Road On N/A 29.6 D 20.1 C 
US 56 Off N/A 26.9 C 18.3 B 
US 56 EB on-loop N/A 35.5 E 27.1 C 
US 56 WB on N/A 32.4 D 25.4 C 

I-35 SB      

 
 

US 56 Off N/A 10.4 B 20.0 C 
US 56 On N/A 15.3 B 29.6 D 
Gardner Road Off N/A 16.4 B 30.4 D 
Gardner Road On N/A 10.8 B 22.1 C 
Waverly Road Off N/A 11.6 B 23.8 C 
Waverly Road On N/A 12.6 B 30.0 D 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

2030 Gardner IMF Operations Freeway/Ramp Analysis  
Table 3-15 summarizes the results of the 2030 Gardner IMF Operations freeway analysis.  As the 
table indicates, the one segment previously forecasted to operate at LOS E under 2030 No Action 
condition (I-35 from US 56 to 151st Street) is expected to continue to operate at LOS E in the 
2030 Gardner IMF Operations scenario (with a 5 percent increase in density). This is considered 
a minor impact from the Proposed Action.  In addition, the US 56 eastbound on-loop to I-35 is 
predicted to degrade from LOS D to LOS E during the a.m. peak hour.  With the Proposed Action 
and associated indirect effects, the density in this merge area is forecasted to increase from 34.7 
to 35.5, just crossing the LOS E threshold.  Any capacity improvements that would address the 
northbound mainline LOS E identified in the 2030 No Action scenario would also improve this 
merge area to acceptable LOS resulting in a minor impact.  As previously mentioned, no capacity 
improvements for this area are currently programmed in the LRTP.  However, because this area 
would fail under the No Action scenario, these LOS issues are not considered to be significant 
impacts from the Gardner IMF.   

 
In summary, although the analysis identified LOS degradation to LOS E for one ramp in 
comparison to the 2030 No Action scenario, the LOS would increase to acceptable levels with the 
improvements required to bring the No Action scenario to acceptable levels of service, and no 
other freeway or ramp mitigation measures are recommended.  
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Figure 3-14: Long-Term Planned Transit Service 

3.2.5 Transit 
 

No Action  

In the No Action scenario, no new 
transit service is expected to be 
provided to the development site 
vicinity in the short-term.  However, 
the Regional Transit Plan (Smart 
Moves) includes long-term plans for 
extending the peak-period bus 
service south on US 56 to Edgerton 
and the addition of a new park-and-
ride facility in Edgerton. These 
planned services are illustrated in 
Figure 3-14.  The express bus 
service would come into the area on 
175th Street (from US 169 and a 
transit center proposed for southern 
Olathe) and would continue on US 
56 west to Edgerton (through 
Gardner). A local link circulator in 
the Gardner area is also proposed 
in the Smart Moves plan. The circulator would provide local service on weekdays (peak and 
midday) and weekends, but may not serve the Intermodal Facility area. Additionally, the plan 
shows a potential local link connector bus service running from the Gardner area to Olathe on Old 
US 56 and 151st Street. 

 
Gardner Proposed Action and Future Gardner IMF Operations 
Two types of transit service impacts are evaluated including: 1) increased demands on existing or 
planned service, and 2) demands for new service to serve the new development. 
 
Regarding increased demands on existing or planned services, none of the employees are 
expected to use bus transit service on opening day as there is currently no transit service in the 
vicinity of the site.  Furthermore, the two bus routes serving Gardner only provide peak 
period/peak direction service to Downtown Kansas City, Missouri.  There is no service during off-
peak periods, and even during the peak periods there is no service into Gardner in the morning or 
out of Gardner in the afternoon. 
 
In the future, if the transit plans envisioned for the area are implemented, the peak period service 
would extend south on US 56 to Edgerton and a local circulator would be implemented in 
Gardner.  The peak-period service would still not serve the intermodal site well, but the circulator 
could be designed with a stop at or near one or more of the site gates.  However, the demand on 
either of these services related to the intermodal site is expected to be minimal for a number of 
reasons. One reason is that the off-peak, two-shift/three-shift nature of the work makes using 
transit for both trip ends difficult.  For example, approximately 80 percent of the employees are 
expected to work a 12-hour two-shift schedule with employees either starting or ending a shift at 
7:00 p.m., a time period that typically has low-frequency bus service in low-density areas.  In 
addition, the lack of regional service coinciding with the shift-change peaks means that only local 
Gardner-area employees using the circulator route would really be able to access the site by bus.   
 
In addition to the issues of shift-change schedules, bus routes/frequencies, and stop locations, 
there would be the larger issue of overall demand and the provision of bus service to a low-
density employment site.  The IMF site would have a low employment density with approximately 
70 local employees on site during any one shift in 2010 (135 in 2030).  This equates to an 
employment density of approximately one employee per 7.0 acres in 2010 and one employee per 

Local Link Connector 

Local Link Circulator
(Flex Route Area)

Express Bus 
(Freeway Flyer)

P 

P 
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3.5 acres in 2030.  These employment densities are not typically consistent with the provision of 
regular scheduled bus service.  In fact, service to these types of sites can have considerable cost, 
travel time, and delay implications for the service provider and other riders. 
 
Therefore, no impacts are expected to the current or proposed transit service due to increased 
demand and no significant demand for new bus service is anticipated. 
 
3.2.6  Pedestrian/Bicycle 

 
No Action 
Johnson County and City of Gardner documents were reviewed to determine if any new 
pedestrian and/or bicycle facilities are proposed for the area of the Intermodal site (Johnson 
County, 2004; Johnson County, 2001; City of Gardner, 2005a; City of Gardner, 2005b).   
 
According to the Johnson County Rural Comprehensive Plan Update (2004) and the Johnson 
County Park and Recreation District MAP 2020 - Master Action Plan (2001) a potential trail is 
being considered along Big Bull Creek.  It is shown and labeled as Trail  in Figure 3-15.  The 
trail would cross US 56 and the northern BNSF mainline track just west of the US 56 / 191st Street 
intersection.  From there, the trail would follow the creek south into Big Bull Creek Park, crossing 
the existing southern BNSF mainline near 199th Street.  According to MAP 2020, the Big Bull 
Creek Trail project would be 
implemented in the last four years 
of the 20-year park plan. 
 
The City of Gardner Arterial 
Concept Pathway Plan map (dated 
June 2005) shows four potential 
future trails in the vicinity of the site.  
The first trail ( ) would run 
generally north-south in the vicinity 
of the Gardner site. It would cross 
US 56 and both the northern and 
southern BNSF mainlines approx-
imately one-half mile east of Four 
Corners Road.  It would then 
proceed south to cross 191st Street 
approximately two-thirds of a mile 
east of Four Corners Road.  The 
second trail ( ) would run east-
west along 183rd Street and the 
southern BNSF mainline between 
US 56 and Waverly Road. This trail 
would cross both BNSF mainline 
tracks.  The third trail ( ) would 
run northeast-southwest near the Gardner site.  It would cross Waverly Road just north of 191st 
Street and then cross 191st Street just west of Waverly Road.  Trail T3 would continue south 
toward Big Bull Creek Park.  The fourth trail ( ) would be located north of US 56 and would 
generally run northeast-southwest.  It would follow a portion of the Old Santa Fe Trail between 
trails T2 and CT.   
 
In addition to the above trails, two arterial pathways/bike routes are proposed: one along Waverly 
Road between US 56 and Trail T3 ( ), and one along 183rd Street ( ). These pathways are 
similar to paved trails or wide sidewalks, but they would be designed as joint-use facilities to 
serve both pedestrians and bicycles. 
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The City of Gardner plans to update its Trails and Pathways Plan as well as its Transportation 
Master Plan this year (2008).  Based on communications with City staff, it is expected that major 
changes will be made to the proposed trails and pathways in the vicinity of the Proposed Action, 
and modified or additional pedestrian or bicycle facilities (such as bike lanes or routes) may be 
developed.  
 
When the proposed new I-35 interchange is open to traffic, traffic on both Waverly Road and 
199th Street is expected to increase.  In order to provide for adequate pedestrian circulation and 
safety on these roadways, sidewalks, arterial pathways (such as the extension of the Waverly 
pathway), or paved shoulders (8-foot minimum) may be desirable in the longer-term No Action 
scenario.  
 
Proposed Action and Future Gardner IMF Operations 
The analysis presented in this section considered the potential pedestrian, bicycle, and trail 
activity or demand associated with the Proposed Action and the physical relationship of the 
Proposed Action to existing and proposed pedestrian, bicycle, and trail facilities. 
 
In the near-term, pedestrian traffic to and from the IMF (i.e., off-site) is expected to be minimal.  
The primary reason for this is the long walk distances between the Proposed Action and most 
residential or retail destinations.  The nearest subdivision entrance is nearly one mile from the 
main employee gate and even further from the actual on-site building locations.  Second, as 
outlined previously, the number of on-site employees would be modest (under 70 on opening day 
and approximately 135 in 2030). A third reason is the off-peak two-shift/three-shift nature of the 
work.  As mentioned in the transit section, approximately 80 percent of the on-site employees 
would work 12-hour shifts with shift changes at 7:00 a.m. and 7:00 p.m.  This would mean that 
employees would have to walk after dark during a portion of the year.   
 
Pedestrian activity may increase in the future if new development occurs within walking distance of 
the Proposed Action, but given the number of employees and the nature and dispersion of the on-
site activity, it is not expected to be a major transportation mode for the site. The pedestrian activity 
that does result from the Proposed Action would principally be accommodated on the sidewalk 
proposed for 191st Street and the 8-foot shoulders proposed for Waverly Road. The provision of 
either sidewalks or full (8-foot) shoulders is important given the volume of Proposed Action truck 
traffic expected, especially on 191st Street.  The planned arterial pathways (trails) on Waverly Road 
and 183rd Street could provide improved pedestrian access and safety when they are implemented.  
Based on contact with TAG-KC, the entity responsible for improving Waverly Road and 191st Street 
in the vicinity of the Proposed Action, the need for incorporating trail facilities along these roads is 
being coordinated with the City of Gardner and agreed upon provisions will be incorporated into the 
designs based on the updated trail plan (TAG-KC, 2008).  This is consistent with the City street 
standards which state, “The design engineer shall contact the Parks and Recreation Department, 
Public Works, and/or Planning Department to determine whether any portion of the proposed 
construction will involve the City of Gardner's Trail System. Sidewalks constructed as part of this 
system shall be 10 feet in width with a 25-foot wide pedestrian easement.”    
 
Another consideration is the future construction of a new interchange on I-35.  The main routes to 
this interchange (e.g., Waverly Road, and 199th Street) would benefit from either sidewalks or 8-
foot minimum paved shoulders when that interchange is open to traffic.  This could be addressed 
in the KDOT NEPA assessment of the new interchange and considered as part of that project’s 
mitigation if warranted.  It would also be beneficial if the City’s proposed arterial pathway on 
Waverly Road were constructed (and extended further south) prior to the opening of the new 
interchange due to the increase in traffic on Waverly Road associated with the new interchange.  
 
Bicycle activity is expected to be minimal for the same reasons that pedestrian activity is 
expected to be minimal.  Special provision of bicycle routes or lanes is not typically necessary for 
this type of land use.  In the near-term, any bicycle activity associated with the IMF would be adult 
work-based trips, and these trips could be accommodated on the planned paved roadways (or 



Proposed Gardner Intermodal Facility  

Traffic Technical Report 59 May 2009 
 

sidewalks on 191st Street).  In the longer term, the new arterial pathways on Waverly Road and 
183rd Street would also be available.  When the new I-35 interchange is constructed, it may be 
beneficial to have bicycle provisions in place on roadways serving this interchange, including an 
extension of the City’s planned arterial pathway on Waverly Road. 
 
There are no existing facilities that would be physically impacted by the Proposed Action; 
however, the Proposed Action could affect some of the proposed facilities previously described.  
The City of Gardner has indicated that they expect to initiate a new Master Plan for trails and 
pathways later this year (City of Gardner, 2008a).  City staff has indicated they expect major 
changes to the proposed trails and pathways in the vicinity of the Proposed Action to eliminate 
potential impacts.  Therefore, the following potential impacts are expected to be resolved through 
the completion of the new Master Plan update:  
 

• Big Bull Creek Trail ( ) – This trail would no longer have two separate railroad 
crossings.  With the consolidation of the northern and southern BNSF mainline tracks into 
one right-of-way, a single larger structure could be used to cross all of the BNSF tracks 
(mainline and intermodal lead tracks).  

• Gardner Trail 1 ( ) – The proposed north-south trail that would traverse through the 
project site would need to be rerouted, shortened, or eliminated because it would not be 
able to pass through the center of the intermodal site.  There are other routing options, 
such as following US 56 south to the Big Bull Trail and then crossing US 56 and the 
railroad tracks in unison with that trail.  This would allow the benefits of cost-sharing for 
construction of the crossing.  

• Gardner Trail 2 ( ) – The proposed east-west trail along 183rd Street would also cut 
through the project site.  It would need to be rerouted, shortened, or eliminated.  One 
option would be to reroute the trail north along US 56, to connect with the pathway along 
Waverly Road.  This would eliminate new railroad crossings and would make use of the 
proposed grade separation over the intermodal lead tracks on Waverly Road. 

• Pathway on Waverly Road ( ) - The proposed pathway along Waverly Road could still 
be implemented as planned; however, use of the grade separation over the intermodal 
lead tracks on Waverly Road could be considered.  As previously mentioned in the No 
Action section, special treatments for the path’s at-grade crossing on Waverly Road may 
also be required (e.g., marked crossing, pedestrian scale signs, or guide fencing).  Also, 
as mentioned previously, there is ongoing coordination between the roadway planners 
and the City regarding if and where trail facilities are needed along Waverly Road and 
191st Street consistent with the update of the Master Plan. 

3.2.7 At-Grade Rail-Highway Crossings and Delay 
 

No Action 
In the No Action alternative, the BNSF mainline train 
volumes would increase from 72 trains per average 
weekday in 2010 to 114 in 2030 as shown in Table 3-16.  
In addition, the train lengths are projected to increase over 
this time period. These changes would lead to increased 
blocked times and increased vehicular delay at all of the 
at-grade highway-rail crossing locations.  As indicated in 
Table 3-17, the average blocked time per train would 
increase to just over three minutes per train by 2015.  The 
average total blocked times are projected to be 
approximately 8:47 (min:sec) per hour in 2010, 9:56 per 
hour in 2015, and 15:14 per hour in 2030.  These blocked 
time estimates are independent of the highway traffic 
volumes and are based on two at-grade crossings per roadway as outlined previously. 

P1

T2 

T1 

CT

Table 3-16: Gardner 
Estimated Trains Per Weekday 

 

  
Avg. Weekday Trains 

(Tues – Thurs) 
 Year 2010 2015 2030 

No Action 72 78 114 

Proposed Action    

 
North of Site 68 73 104 
Mainline by Site 67 72 102 
South of Site 72 78 114 
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2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030 2010 2015 2030
Mile
33.52 Moonlight 660 760 1910 940 1090 2220 108 143 691 165 223 893 2:55 3:03 3:13 8:47 9:56 15:14 15 18 36 16 19 40 90 94 101 89 93 100
35.61 Waverly 30 35 240 25 25 310 4 6 66 4 4 87 2:55 3:03 3:13 8:47 9:56 15:14 13 16 28 13 16 28 90 94 100 90 95 101
36.49 183rd 45 45 90 35 50 130 7 8 24 5 8 34 2:55 3:03 3:13 8:47 9:56 15:14 13 16 26 13 16 27 90 94 100 90 93 101
37.46 Four Corners 35 35 385 30 35 390 5 6 111 4 6 113 2:55 3:03 3:13 8:47 9:56 15:14 13 16 29 13 16 29 90 94 100 90 94 100
38.01 191st 20 20 40 10 10 35 3 3 10 1 2 9 2:55 3:03 3:13 8:47 9:56 15:14 13 16 26 13 16 26 88 93 100 92 97 101
39.4 199th 100 100 695 70 80 720 15 17 228 10 14 235 2:55 3:03 3:13 8:47 9:56 15:14 14 16 33 13 16 33 89 93 100 90 94 101
39.77 Nelson 180 310 565 220 275 645 29 57 175 35 50 206 2:55 3:03 3:13 8:47 9:56 15:14 14 17 31 14 17 32 89 94 100 90 95 100
40.7 207th 130 150 350 120 150 380 21 27 102 18 26 109 2:55 3:03 3:13 8:47 9:56 15:14 14 17 29 14 16 29 88 92 99 91 95 101
41.2 Edgerton 10 15 15 20 25 35 1 2 4 3 4 9 2:55 3:03 3:13 8:47 9:56 15:14 13 16 26 13 16 26 90 95 102 90 93 101

33.52 Moonlight 660 760 1900 940 1090 2220 102 134 631 156 209 820 2:56 3:05 3:14 8:18 9:19 13:60 14 17 34 15 18 37 90 95 101 90 94 100
35.61 Waverly 50 90 750 35 50 770 7 14 225 5 8 233 2:56 3:04 3:14 8:11 9:10 13:47 12 15 30 12 15 30 90 95 101 90 95 101
36.49 183rd
37.46 Four Corners
38.01 191st
39.4 199th 100 120 770 80 90 800 16 22 277 13 16 289 3:04 3:13 3:26 9:13 10:28 16:16 15 18 39 15 18 39 95 100 109 95 101 109
39.77 Nelson 180 310 565 220 275 645 30 60 184 36 52 217 3:02 3:11 3:23 9:09 10:23 16:05 15 19 35 15 19 36 94 99 107 95 100 107
40.7 207th 130 150 350 120 150 380 21 28 105 19 27 112 2:59 3:07 3:18 8:59 10:10 15:40 15 18 31 14 17 31 91 95 102 93 98 104
41.2 Edgerton 10 15 15 20 25 35 1 2 4 3 4 9 2:56 3:04 3:14 8:51 10:00 15:21 13 16 26 13 16 26 90 95 102 90 94 101

33.52 Moonlight 0 0 -10 0 0 0 -6 -9 -60 -9 -14 -73 0:01 0:01 0:02 -0:29 -0:37 -1:14 -1 -1 -3 -1 -1 -3 1 1 0 1 1 1
35.61 Waverly 20 55 510 10 25 460 2 8 159 1 4 146 0:01 0:01 0:01 -0:37 -0:46 -1:27 -1 -1 3 -1 -1 2 0 0 0 0 0 0
36.49 183rd
37.46 Four Corners
38.01 191st
39.4 199th 0 20 75 10 10 80 1 5 49 2 3 54 0:09 0:10 0:13 0:26 0:32 1:02 2 2 6 2 2 7 6 7 9 6 7 9
39.77 Nelson 0 0 0 0 0 0 1 3 10 1 2 11 0:07 0:08 0:11 0:22 0:27 0:52 1 2 4 1 2 4 5 5 7 5 5 7
40.7 207th 0 0 0 0 0 0 0 1 3 0 1 3 0:04 0:04 0:05 0:11 0:14 0:26 1 1 2 1 1 2 3 3 3 2 2 3
41.2 Edgerton 0 0 0 0 0 0 0 0 0 0 0 0 0:01 0:01 0:01 0:03 0:04 0:07 0 0 0 0 0 0 0 0 0 0 0 0

Table 3.2-12:  Rail Crossing Volumes, Blocked Times, and Delay Summary

Avg. Blocked Time Per Hour 
(min:sec)

Weekday Peak Hour AM PM
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Avg. Delay Per Delayed  Vehicle (sec)

AM PM AM PM Weekday Peak Hour

Traffic Volume (veh/hr) Delayed Vehicles (veh/hr)
Avg. Block Time Per Train 

(min:sec) Avg. Delay Per Vehicle (sec)
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The number of delayed vehicles would increase over this 20-year period due to both increasing 
train and highway vehicle volumes.  In the 2030 No Action scenario, approximately 25 to 40 
percent of the highway vehicles at each crossing would be delayed to some extent, with the 
highest percentage at the Moonlight Road crossing. 
 
Average vehicle crossing delays are projected to increase as well.  The average vehicle delay for 
all vehicles would be approximately 13 to 16 sec/veh in 2010, increasing to 26 to 40 sec/veh in 
2030 for the No Action Alternative.  The average delay to delayed vehicles (i.e., average delay for 
vehicles present when a train is present) would not increase quite as much, from approximately 
90 seconds in 2010 to 100 seconds per delayed vehicle in 2030.  However, there would also be 
more delayed vehicles in 2030. 

 
Proposed Action and Future Gardner IMF Operations 
Changes to the at-grade crossings as a result of the Proposed Action include the following: 
 

1. At-grade crossings on 183rd Street, Four Corners Road, and 191st Street would be 
eliminated due to road closures.   

2. Use of the eastern at-grade crossing on 199th Street would be discontinued. 
3. Grade separation over the east lead tracks would be constructed on Waverly Road. 
4. Total train volumes would decrease at the Waverly Road at-grade crossing and 

Moonlight Road Crossings. 
5. Highway traffic would increase, especially on Waverly Road and 199th Street. 
6. Train speeds for intermodal trains entering or departing the Gardner IMF may be reduced 

(depending on the location and direction). 
7. Grade separation over the westbound mainline and relocated eastbound mainline would 

be constructed on Waverly Road. 
 
With regard to the decrease in total train volumes associated with the Proposed Action, the total 
number of trains south of the Gardner IMF would remain the same (Table 3-16).  However, 
alongside and north of the IMF (i.e., at the Waverly Road and Moonlight Road crossings), the 
total number of trains would decrease because the intermodal trains to and from the West Coast 
(the amount of which exceeds those traveling to and from the east) would stop at the IMF and 
would not go further east.  Because of this difference, the two sets of crossings are discussed 
separately. 
 
Waverly Road and Moonlight Road Crossings 
Based on the four changes previously outlined, the average blocked time per train would remain 
essentially the same at Moonlight Road and Waverly Road, while the total blocked time per hour 
would decrease by between 0:29 and 1:27 (min:sec) depending on the year and location (Table 
3-17).  Due to the reduction in total blocked time, the total number of delayed vehicles would 
decrease at Moonlight Road.  At Waverly Road, the number of delayed vehicles would increase 
due to increases in highway vehicles at that location.  The average delay per vehicle decreases 
slightly at both locations except in 2030 where it increases by two to three seconds at Waverly 
Road. The average delay per delayed vehicle at both locations would be about the same as in the 
No Action scenario. 
 
Other Crossing Locations 
For the locations south of the intermodal facility, the blocked time would increase with the 
Proposed Action as shown in Table 3-17.  The blocked time per hour would increase the most on 
199th Street, with an increase of 26 seconds to 9:13 per hour in 2010 and an increase of 
approximately one minute to 16:16 per hour in 2030.  The average blocked time per train at 199th 
Street would be 3:26 in 2030 (13 seconds higher than the No Action condition). The number of 
delayed vehicles would increase the most on 199th Street (by approximately 50 vehicles during 
each peak hour in 2030).  On 199th Street, delay per vehicle would increase by 6 to 7 sec/veh in 
2030, while the delay per delayed vehicle would increase by 9 sec/veh in 2030.  The changes to 
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blocked time and delay on Nelson Street would be somewhat less.  Changes to 207th Street and 
Edgerton Road would be modest to minor and affect very few additional vehicles.   
 
Based on Table 3-17, 199th Street is expected to experience the largest increases in blocked time 
and crossing delay in comparison to the No Action scenario.  The average blocked time increase 
would be 7 percent in 2030.  The average delay increase (for all vehicles) would be 20 percent in 
2030; however, the average delay would remain below 40 sec/veh.   
 
The effects of the Proposed Action and Future Gardner IMF Operations in comparison to the No 
Action scenario are summarized as follows: 
 

• Moonlight Road – decrease in total blocked time and delay;  

• Waverly Road – decrease in total blocked time, delay decrease in 2010 and 2015, delay 
increase in 2030 due to higher highway volumes; 

• 183rd Street, Four Corners, 191st Street – crossings closed; 

• 199th Street – increased blocked time (increase of 1:02 per hour in 2030), increase in 
delayed vehicles (54 in 2030 p.m. peak), increase in average delay per vehicle (7 
sec/veh in 2030 p.m. peak); 

• Nelson Road – increased blocked time (increase of 0:52 per hour in 2030), increase in 
delayed vehicles (11 in 2030 p.m. peak), increase in average delay per vehicle (4 
sec/veh in 2030 p.m. peak); 

• 207th Street - increased blocked time (increase of 0:26 per hour in 2030), increase in 
delayed vehicles (3 in 2030 p.m. peak), increase in average delay per vehicle (2 sec/veh 
in 2030 p.m. peak); 

• Edgerton Road – minor change.  
 
Overall, the majority of the anticipated blocked time and delay in the Proposed Action scenario 
would be due to through trains, which are not affected by the Proposed Action.  In addition, the 
forecasted overall average delay per vehicle would never exceed 40 seconds.  The average 
delay to delayed vehicles would increase from around 100 seconds in the No Action scenario to a 
maximum average value of 109 seconds in 2030 at 199th Street in the Proposed Action scenario.  
Therefore, delay impacts as a result of the Proposed Action are not considered significant.   
 
3.2.8 Emergency Vehicle Access 

 
No Action 
In the No Action scenario, emergency vehicle access routing and distances are expected to 
remain as outlined in Section 2.1.8 (Figure 2-7).  There are, however, two future changes that 
would affect emergency vehicle access: the volume of train traffic is expected to increase over 
time and the average length of those trains is expected to increase.  These changes would 
increase the potential for delay (and longer delays) when responding vehicles must cross railroad 
tracks.  The increase in at-grade crossing delay in the No Action scenario is outlined in Section 
3.2.7.  
 
Proposed Action and Future Gardner IMF Operations 
The construction of the Proposed Action would result in changes to the local roadway network as 
well as to the current railroad track alignment. The modifications that pertain to emergency 
vehicle access are highlighted here: 
 

• 183rd Street would be closed from US 56 to Waverly Road. 
• 191st Street would be closed from US 56 to Four Corners Road. 
• Four Corners Road would be closed from US 56 to 191st Street. 
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• The eastern railroad crossing on 199th Street would be eliminated, and the west crossing 
would be widened to accommodate additional tracks.    

• The northern crossing of Waverly Road would be double tracked and grade separated. 
• The southern crossing of Waverly Road (new lead tracks) would be grade separated. 
• Train volumes at all but two rail-highway at-grade crossings would remain unchanged, 

but average train speeds at key locations would change (At-Grade Rail-Highway 
Crossings and Delay, Section 3.2.7). 

 
The aforementioned closures and adjustments would 
not change the majority of Emergency Vehicle 
Response EVR distances outlined in the Section 2.1.8. 
In fact, only two areas would be affected.  Figure 3.16 
shows the EVR distances with the closures anticipated 
as part of the Proposed Action.  (As on Figure 2-7, the 
stations shown on Figure 3-16 are: [J1] - Johnson Co. 
FD No. 1 Station #1, [J2] - Johnson Co. FD1 Station #2, 
[J3] - Johnson Co. FD1 Station #3, [G2] - Gardner Plum 
Creek Station #2, and [GD] - Gardner Department of 
Public Safety). The outer four-mile bands would 
remain constant and the Proposed Action Site would 
also remain within four miles of one or more stations. 
A comparison of the No Action and Proposed Action 
figures is provided at the bottom of Figure 3-16 and 
the two areas with changed response distances are 
described.   
 
As illustrated, there would be a small area in the 
vicinity of 191st Street and Four Corners Road (Area 1) 
where emergency vehicle response distances would 
increase by 0.25 to 0.5 mile.  This change is due to the 
191st Street closure, which would make 199th Street 
the new shortest distance for EVR from the Edgerton 
Station to this area.  Emergency response vehicles 
from the Gardner area would have a somewhat longer 
response distance, but they can reach this area 
without crossing any active rail lines at-grade.  In fact, 
with the relocation of the southern BNSF mainline, 
stations in Gardner can serve any site east of the 
tracks without crossing a rail line at-grade.  Thus while 
in some cases the response distances might be longer 
than from the Edgerton station, the response times 
would be more certain from Gardner.  The potential at-
grade highway-rail grade crossing delay associated 
with the Proposed Action is addressed in Section 
3.2.7, At-Grade Rail-Highway Crossings and Delay. 
 
There is also an area in the vicinity of 183rd Street, US 
56, and Four Corners Road for which the response 
distances would increase by 0.25 mile (Area 2). This is 
due to the 183rd Street closure, which would mean that 
the Gardner Plum Creek Station #2 would no longer 
be the nearest station.  Instead, Johnson County FD 
No. 1 Station #2 and Johnson County FD No. 1 Station 
#3 would become the nearest stations.  Stations in 
both downtown Edgerton and Gardner could both respond to this area without crossing any active 
rail lines at-grade. 

Area 2 

Area 1 

1  

2  
3  4  

1 
2 

3 
4 

miles 

J1

J3

J2

G2

GD

No 
Action
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Figure 3-16:  Change in Distance from 

Emergency Response 
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A third area of interest, not highlighted because it is not affected by any road closures, is service 
within Edgerton, specifically, access from Johnson County Fire Station #2 [J3] to areas east of the 
railroad tracks in the vicinity of Sunflower Road.  A review of the expected average train speeds 
along this corridor shows that outbound intermodal trains (leaving the IMF) would travel slower 
than typical through trains (on average) at both Nelson Street and 207th Street. Inbound 
intermodal trains would travel faster on average than through trains at 207th Street, but slower at 
Nelson Street.  Therefore, in 2015, between six and seven times per day there would be trains 
entering or leaving the IMF that would pass Nelson Street traveling slower than through trains.  At 
207th Street this would only occur three times per day.  The Edgerton Road crossing is far enough 
south of the IMF that the average inbound IMF-train speed would slightly exceed the average 
through-train speed; and the outbound IMF-train speed would be slightly slower(within 2 mph) 
than the average through-train speed. 
 
3.2.9 Circulation System 

 
No Action 
In the No Action Scenario, the local and regional connectivity would remain similar to what it is 
today, with the following exceptions: 
 

1. Development would continue in the area.  This would likely include more dense 
development in the areas with water and sewer service. 

2. Railroad traffic on the southern transcontinental mainline would continue to increase (as 
outlined previously), leading to increased potential for delay at mainline railroad 
crossings. 

3. Before 2030 (and as soon as late 2015), a new interchange is planned for I-35 in the 
vicinity of Waverly Road, 199th Street, or Homestead Lane.  The exact location is 
currently under study by KDOT, but for purposes of this analysis it was assumed to be 
near 199th Street and Waverly Road as shown on the current County plan.  

 
The Johnson County Comprehensive 
Arterial Road Network Plan (CARNP) 
shows future improvements to selected 
roadways in the vicinity of the Proposed 
Action (Figure 3-17).  The CARNP is the 
County’s principal transportation 
planning document and was adopted by 
the County Commissioners in 1999.  In 
addition, the more recent Johnson 
County Rural Comprehensive Plan (June 
2004) adopted the 1999 CARNP as the 
transportation plan for Southwestern 
Johnson County. The CARNP shows a 
new grade-separated access point on I-
35 at 199th Street near Waverly Road.  It 
also shows upgrades to 199th Street to 
provide improved east-west connectivity 
in the vicinity of the interchange.  
Specifically, 199th Street is shown as a 
four-lane rural parkway (Type III - High 
Roadway) east of I-35.  West of I-35, 
199th Street is proposed as a two-lane 
rural major arterial (Type II - Medium 
Roadway).  Four Corners Road, Gardner 
Road/Center Street, and 175th Street are 

Figure 3-17: 
Johnson County CARNP – Gardner Area 

Legend 
        Type III - High Roadway (Four-Lane Rural Parkway) 
      Type II - Medium Roadway (Two-Lane Rural Major Arterial) 
      Type I - Low Roadway (Two-Lane Minor Arterial) 
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all shown as two-lane rural major arterials (Type II – Medium Roadway).  Waverly Road, 191st 
Street, and 183rd Street are shown as two-lane minor arterials (Type I – Low Roadway). 
 
Based on the CARNP, local connectivity in the vicinity of the Proposed Action would be improved 
by upgrading existing collector roadways to arterials (199th Street, Four Corners Road, Gardner 
Road, and 175th Street).  Two of these roadways are north-south and two are east-west.  They all 
already cross existing barriers.  They also strengthen the grid network form (they form a 
rectangle) south and west of Gardner.  Regional connectivity is improved through the addition of 
a second interchange on 199th Street near Waverly Road.  Thus travelers would have two options 
for interstate highway access: Gardner Road and 199th Street near Waverly Road. 
 
Plans by the City of Gardner and Johnson County to re-align 191st Street to connect with the 
existing 188th Street roadway section will also modify circulation in the area.  It will improve traffic 
operations on Gardner Road in this area as it will provide significantly more distance between the 
southbound I-35 interchange ramp intersection and the first major intersection to the north. 
 
Proposed Action and Future Gardner IMF Operations 
With the Proposed Action, circulation in 
the vicinity of the Gardner IMF would be 
changed in part due to the closure of 
sections of 191st Street, Four Corners 
Road, and 183rd Street as shown in 
Figure 3-18.  Closure of these roadways 
would necessitate that drivers use 
alternative routes through the area.  In 
addition, 183rd Street (just west of 
Gardner Road) would be closed to 
through commercial truck traffic.  191st 
Street (between Waverly Road and 
Gardner Road) would also be closed to 
through commercial truck once the new I-
35 interchange is constructed.  Therefore, 
the circulation system for commercial 
trucks would be somewhat more limited 
than for autos.   
 
Until the new interchange is constructed,  
it is recommended that the re-aligned 
191st Street/188th Street and Gardner 
Road be promoted as the main route to 
and from I-35 for all IMF truck traffic.  This could include on and off-site signage directing truck 
drivers to use this route (and to discourage the use of prohibited routes).  It could also include 
other means by which directions are communicated to truck drivers traveling to and from the IMF. 
This recommendation would carry forward into the future Gardner IMF Scenarios, with 
adjustments made as necessary when the new I-35 interchange is constructed.  The City of 
Gardner is considering changes to their current designated truck routes. 
 
As noted, the Proposed Action would eliminate three pieces of the current grid system south and 
west of Gardner.  Currently, Four Corners Road is a collector roadway and the other two are local 
(gravel) roadways.  They all currently carry low traffic volumes (approximately 100 to 250 ADT).  
The CARNP classifies Four Corners Road in the future as a two-lane rural major arterial (Type II 
– Medium), while the other two are classified as two-lane rural minor arterials (Type I – Low).  
The approximate 2030 traffic volumes in the No Action scenario for the road sections proposed 
for closure are: Four Corners Road – 3,720 ADT, 191st Street - 270 ADT, and 183rd Street – 
1,010 ADT.  Based on these volumes, it appears that these segments of 191st Street and 183rd 

Figure 3-18: Roadway Network Changes 
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Street would not be critical to the overall highway system in 2030.  Four Corners Road, however, 
would carry a larger amount of traffic. 

 
With the closure of the aforementioned roadways, traffic volumes on 199th Street and Waverly 
Road are expected to increase in comparison to the No Action scenario.  The increase on 199th 
Street is forecasted to be approximately 530 vpd (6.9 percent) just east of US 56.  This would 
include some traffic from the Gardner IMF.  The increase on Waverly Road is expected to be 
more appreciable as it would become the major alternative to Four Corners Road (This is 
demonstrated in part by the increase of only 230 vpd on Sunflower Road just north of US 56).  
Traffic on Waverly Road, a low volume roadway, is forecasted to increase from  
2,180 to 7,090 (4,910 vpd, or 225 percent) just south of US 56.  Waverly Road would still be able 
to accommodate the traffic volumes shown in the Proposed Action scenario as a two-lane 
highway.  Some of this increase would be traffic generated by the Proposed Action, but much of it 
would be local traffic re-routed by the road closures including traffic headed to and from the new 
interchange on I-35 near Waverly Road.  Therefore, with the combination of the Proposed Action 
and the new interchange, Waverly Road would become a primary arterial highway in the local 
grid system. These potential shifts in traffic flow and circulation, while considerable, are not 
anticipated to have a significant negative effect on traffic circulation and connectivity of the area. 
Regarding, east-west flows, it appears that the traffic from 191st Street and 183rd Street would 
disperse to various roadways (199th Street, US 56, Waverly Road to 183rd Street), and the 
Proposed Action street network appears sufficient to accommodate these shifts with minor 
impacts. 
 
3.2.10 Roadway Design Considerations 
 
No Action 
In the No Action Scenario the highway system could be expected to continue to evolve in a 
manner consistent with past trends.  This would include periodic roadway upgrades as needed to 
meet future state and local roadway design standards.  In the immediate vicinity of the IMF, the 
major improvements expected to be made in the 2010 and 2015 time frames include the KDOT 
improvements related to Gardner Road.  In the 2030 No Action Scenario it is assumed that a 
number of local roadways would be improved per the CARNP recommendations.  This is in 
keeping with the anticipated development in the area not related to the Proposed Action and the 
assumption of a new interchange on I-35 serving the 199th Street and Waverly Road corridors.  
The local roadway improvement could include paving 183rd street, Waverly Road, and 191st 
Street to bring them up to rural two-lane Type I standards (The example of a rural two-lane Type I 
roadway given in the CARNP is West 143rd Street, which is a two-lane roadway with minimal 
shoulders and few if any turn lanes).  Based on the CARNP, Four Corners Road and 199th Street 
would be improved to rural two-lane Type II standards  (The example of a two-lane Type II 
roadway given in the CARNP is 175th Street from I-35 to US 169, which has paved shoulders and 
turn lanes as needed at major intersections).       
 
Proposed Action and Future Gardner IMF Operations 
With the construction of the Gardner IMF, a number of the roads previously anticipated to be 
upgraded in the longer term would be upgraded in the near term.  This would include upgrades to 
both 191st Street and Waverly Road.  These roads would be designed to meet applicable state 
and local standards, including pavement depth and type appropriate for the projected auto and 
truck traffic.  Separate from the Proposed Action, Gardner Road, which is a local collector 
roadway, is being improved by KDOT to be four lanes with signals from 188th Street/191st Street 
south to the I-35 interchange.  In the 2010 and 2015 Scenarios, the vast majority of IMF truck 
traffic is anticipated to use the re-aligned 188th Street/191st Street and Gardner Road to travel to 
and from I-35.  For example, in 2015, 191 out of 209 p.m. peak-hour IMF trucks are forecasted to 
use this route (over 91 percent). This would minimize any potential near-term effects on other 
local roadways such as Four Corners Road and 199th Street. 
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By 2030, a new I-35 interchange between the Cities of Gardner and Edgerton is forecasted to 
attract the vast majority of IMF truck traffic.  IMF trucks would use a combination of the new 
Waverly Road connection between 191st Street and 199th Street and the Four Corners 
Connection to 199th Street to reach this interchange, however, a new Waverly Road connection 
would presumably be built to the appropriate design standards, taking the expected truck usage 
into account.  The CARNP plan calls for improving 199th Street to support forecasted 
area/corridor development and to facilitate connections to I-35 as mentioned in the No Action 
Scenario.  Therefore, Four Corners Road could experience truck volumes for which it is not 
designed.  However, given the closure of Four Corners north of 191st Street, non-IMF traffic on 
that roadway is likely to be minimal.   
 
The City’s planned re-alignment of 191st Street to connect with 188th Street would also improve 
safety along Gardner Road in this area as it will provide significantly more distance between the 
southbound I-35 interchange ramp intersection and the new main access point to the realigned 
188th Street/191st Street. 
 
For 2010, 2015, and 2030, there are no anticipated major conflicts between school traffic and IMF 
truck traffic currently anticipated. For example, in 2015 no IMF trucks are projected to use 
Gardner Road south of I-35 (in the vicinity of the Nike Elementary School) during the 7:00 to 8:00 
a.m. hour.  On Waverly Road north of US 56, in 2015 two trucks are projected during this a.m. 
peak hour.  No IMF trucks are projected to use US 56 just west of Waverly and seven trucks are 
projected on US 56 east of Waverly road during the a.m. peak hour.   
 
3.2.11 Construction Traffic 
 
Construction of the Proposed Action including related infrastructure is currently anticipated to 
occur over a period of 18 to 22 months.  Major road and bridge construction would potentially be 
completed in the first 12 months.  Construction staging areas would mainly be on-site, though 
some off-site areas may be used related to roadway and bridge construction.  
 
Construction of the roads and bridges could necessitate short-term full and partial road closures; 
however, access to all homes and properties along the affected roadways would be maintained 
during construction, thereby limiting impacts to local residents and property owners. 
 
The primary expected types of construction include construction employee traffic, 
equipment/supply traffic, and material hauling traffic.  However, it is not currently known how 
much construction traffic in each category would be generated by the Proposed Action.  There 
would be many different contractors involved in the project and the extent, approach, and 
schedule of work for each type of contractor is not known.  However, as part of the development 
of construction phasing and implementation plans, a traffic management plan would be 
developed in conjunction with the City of Gardner, the City of Edgerton, and Johnson County.   
 
The traffic management plan would also address the routes to be used for construction traffic 
entering and exiting the site.  There are a number of possible major routes for construction traffic 
traveling to and from the site.  As part of the plan development, the various routes would be 
considered and the preferred routes for each phase of the project would be developed.  These 
phased plans will address topics such as temporary and permanent road closures as well as the 
construction of the upgraded roadways of 191st Street and Waverly Road.  For example, once 
191st Street is complete and open to traffic it may become a major route for construction traffic to 
the site.  The construction planning could account for the origins and destinations of materials 
and equipment on the site as well as the maintenance of adequate emergency access to all parts 
of the site during construction. 
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Table 3-18:  2010 Gardner IMF Operations Plus Induced 

Development Trip Generation 
 

   AM Peak Hour  PM Peak Hour 

 Daily  in out tota
l  in out tota

l 
IMF          
Trucks 1,489  32 49 81  57 45 102 
Bobtails 1,065  23 35 58  41 32 73 
Non-Trucks 343  67 67 134  4 6 10 
Total 2,897  122 151 273  102 83 185 

          
Logistics Park          
Trucks 473  6 8 14  9 7 16 
Non-Trucks 1,842  89 8 97  60 74 134 
Total 2,315  95 16 111  69 81 150 
          

IMF + Logistics 
Park          

Trucks 1,962  38 57 95  66 52 118 
Bobtails 1,065  23 35 58  41 32 73 
Non-Trucks 2,185  156 75 231  64 80 144 
Total 5,212  217 167 384  171 164 335 
          

3.3 Indirect Effects - Future Gardner IMF Operations plus Induced Development 
 
This section presents the indirect effects analysis of the proposed Gardner IMF.  The reasonably 
foreseeable indirect effects considered are 2.86 million square feet of warehouse development by TAG-
KC of a logistics park, known as the Logistics Park Kansas City.  The Logistics Park Kansas City 
(Crandall VS, 2008) will consist of freight distribution and warehouse facilities.  Trip generation and 
distribution assumptions for the Logistics Park-generated trucks were based on published research, 
regional commodity flow data, and the aforementioned agency consensus process.  The trip generation 
and distribution assumptions for the Logistics Park are documented in more detail in Appendix A.  
Detailed operational analysis results are included in Appendix F. 
 

3.3.1 2010 Gardner IMF Operations plus Induced Development  
 
2010 Gardner IMF Operations plus Induced Development Forecast Volumes 
The traffic generated by the 
Proposed Action is discussed in 
Section 3.1.2. With an opening-day 
annual lift count of approximately 
375,000 to 415,000 (Brian Decker 
Verified Statement [Decker VS], 
2008), it is estimated that the 
Gardner IMF would generate 
approximately 2,900 vpd in 2010, 
including 273 during the a.m. peak 
hour and 185 during the p.m. peak 
hour (Table 3-18).  As previously 
described, the table separately 
identifies bobtails (unloaded trucks 
with no chassis). Additionally, the 
table includes trip generation from 
the Logistics Park Kansas City, 
which is expected to occupy 
between 400,000 and 600,000 
square feet on opening day and 
generate approximately 2,300 vpd, 
including 111 during the a.m. peak 
hour and 185 during the p.m. peak 
hour.  More detailed information on 
trip generation is provided in Appendix A. 
 
The 2010 Gardner IMF Operations plus Induced Development ADT and peak-hour forecasts are 
presented in Figures 3-19 and 3-20 and the peak hour truck percentages are illustrated in 
Appendix C.  

 
2010 Gardner IMF Operations plus Induced Development Geometry Assumptions 
The base geometric assumptions for this scenario are identical to those assumed for the 2010 
Gardner Improved No Action scenario. 
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Figure 3-19:  2010 Gardner IMF Operations plus Induced Development ADTs 
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Figure 3-20: 2010 Gardner IMF Operations plus Induced Development Turning Movement Volumes 
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Table 3-19:  2010 Gardner IMF Operations plus Induced Development Study Intersection Analysis 

 
 

  No Action Analysis Proposed Action Analysis 

Gardner IMF Operations + 
Induced Development 

Analysis 
   AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr AM Peak Hr PM Peak Hr 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS Delay LOS Delay LOS Delay LOS Delay LOS Delay LOS 

1 175th St/ Waverly Rd TWSC 24.4 (SB) C 14.2 (SB) B 25.0 (SB) D 14.2 (SB) B 25.2 (SB) D 14.2 (SB) B 
2 US 56/ Gardner Rd Sig 17.5 B 17.3 B 21.0 C 17.5 B 18.2 B 17.6 B 
3 US 56/ Elm St Sig 4.8 A 5.7 A 5.5 A 5.7 A 4.8 A 5.7 A 
4 US 56/ Mulberry St Sig 5.7 A 4.0 A 6.0 A 4.1 A 5.8 A 4.1 A 
5 US 56/ Moonlight Rd Sig 23.2 C 16.4 B 22.9 C 16.6 B 24.4 C 31.4 C 
6 US 56/ Old US 56 Sig 9.4 A 6.4 A 10.7 B 6.3 A 10.8 B 9.2 A 
7 US 56/ Cedar Niles  Sig 19.5 B 19.8 B 15.4 B 20.4 C 18.4 B 20.9 C 
8 I-35 SB Ramps/ US 56 Sig 12.8 B 9.7 A 13.7 B 20.2 C 15.3 B 19.8 B 
9 I-35 NB Ramps/ US 56 Sig 9.6 A 7.0 A 13.3 B 6.3 A 13.4 B 6.5 A 
10 Moonlight Rd/ Santa Fe Sig 8.0 A 7.4 A 7.9 A 7.5 A 7.9 A 8.2 A 
11 US 56/ Waverly Rd TWSC 14.7 (NB) B 12.8 (SB) B 13.9 (NB) B 13.1 (SB) B 14.5 (SB) B 14.0 (SB) B 
12 183rd St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A 7.0 A 6.9 A 
13 183rd St/ US 56 TWSC 12.8 (WB) B 13.3 (WB) B 11.8 (EB) B 11.2 (EB) B 11.8 (EB) B 12.0 (EB) B 
14 183rd St/ Waverly Rd TWSC 9.1 (SB) A 8.9 (NB) A 8.7 (WB) A 8.5 (WB) A 8.7 (WB) A 8.6 (WB) A 
15 183rd St/ Gardner Rd Sig 6.9 A 5.6 A 7.0 A 5.6 A 7.0 A 5.6 A 
16 US 56/ Four Corners TWSC 12.4 (NB) B 12.6 (NB) B 8.9 (SB) A 10.3 (SB) B 8.9 (SB) A 10.3 (SB) B 
17 191st St/ US 56 TWSC 12.7 (EB) B 13.5 (WB) B 11.2 (EB) B 11.5 (EB) B 11.2 (EB) B 11.4 (EB) B 
18 191st St/ Four Corners TWSC 8.6 (WB) A 8.6 (WB) A         
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A 10.4 (SB) B 10.1 (SB) B 10.8 (SB) B 10.9 (NB) B 
20 Gardner Rd/ 188th St Sig 3.6 A 4.3 A 8.1 A 6.2 A 7.7 A 8.5 A 
21 I-35 SB / Gardner Rd Sig 6.0 A 13.5 B 9.5 A 15.0 B 10.2 B 18 B 
22 I-35 NB / Gardner Rd Sig 9.3 A 5.2 A 21.0 C 6.8 A 25.4 C 8.6 A 
23 Gardner Rd/ E 191st St OWSC 10.1 (WB) B 9.3 (WB) A 10.1 (WB) B 9.3 (WB) A 10.1 (WB) B 9.4 (WB) A 
24 US 56/ Sunflower Rd TWSC 15.2 (NW) C 15.5 (NW) C 15.5 (NW) C 15.9 (NW) C 15.5 (NW) C 15.9 (NW) C 
25 US 56/ E 4th St OWSC 12.5 (NB) B 15.4 (NB) C 12.5 (NB) B 15.4 (NB) C 12.5 (NB) B 15.4 (NB) C 
26 199th St/ Four Corners OWSC 9.2 (SB) A 8.9 (SB) A 9.2 (SB) A 9.1 (SB) A 9.2 (SB) A 9.2 (SB) A 
27 199th St/ Gardner Rd AWSC 9.3 A 8.9 A 9.3 A 8.9 A 9.3 B 9.0 A 
80 IMF (Truck Entr) OWSC -- -- -- -- 10.4 (SB) B 10.5 (SB) B 10.6 (SB) B 10.5 (SB) B 
81 Logistic Park OWSC -- -- -- --     10.9 (SB) B 10.7 (SB) B 
82 IMF (Gen Staff Entr) OWSC -- -- -- -- 9.2 (EB) A 8.7 (EB) A 9.3 (EB) A 8.8 (EB) A 
84 IMF (Admin Entr) OWSC -- -- -- -- 9.3 (SB) A 9.5 (SB) A 9.6 (SB) A 9.6 (SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown.  
 

2010 Gardner IMF Operations plus Induced Development Intersection Analysis 
Table 3-19 summarizes the results of this scenario, and provides a comparison to the 2010 No 
Action and 2010 Proposed Action scenarios.  As the table indicates, all study intersections are 
projected to continue to operate at LOS D or better under this scenario. Therefore, there would be 
only minor impacts to intersections as a result of the Proposed Action plus induced development 
in the first year of operations.  
 

 
2010 Gardner IMF Operations plus Induced Development Freeway/Ramp Analysis  
Table 3-20 summarizes the results of the freeway analysis for this scenario.  The analysis 
forecasted that all segments and ramps would operate at LOS D or better. Therefore, there would 
be only minor impacts to freeway segments or ramps as a result of the Proposed Action plus 
induced development in the first year of operations. 
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Table 3-20:  2010 Gardner IMF Operations plus Induced Development 

 Freeway/Ramp Analysis 
 

         AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments 
I-35 NB      

 
Sunflower to Waverly 2 12.1 B 6.8 A 
Gardner to US 56 2 17.3 B 9.6 A 
US 56 to 151st Street 2 29.3 D 16.6 B 

I-35 SB      

 
151st St to US 56 2 13.6 B 27.8 D 
US 56 to Gardner 2 6.3 A 18.7 C 
Waverly to Sunflower 2 4.7 A 13.7 B 

Ramp Merge/Diverge     
I-35 NB      

 

Gardner Road Off N/A 11.6 B 5.3 A 
Gardner Road On N/A 19.6 B 11.4 B 
US 56 Off N/A 17.8 B 8.6 A 
US 56 EB on-loop N/A 30.9 D 20.0 B 
US 56 WB on N/A 29.9 D 18.0 B 

I-35 SB      

 
 

US 56 Off N/A 13.4 B 29.1 D 
US 56 On N/A 7.1 A 20.3 C 
Gardner Road Off N/A 4.7 A 19.5 B 
Gardner Road On N/A 5.6 A 15.6 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

Table 3-21:  2015 Gardner IMF Operations plus Induced 
Development Trip Generation 

   AM Peak Hour  PM Peak Hour 

 Daily  in out tota
l  in out tota

l 
IMF          
Trucks 1,776  39 58 97  68 54 122 
Bobtails 1,270  28 42 70  49 38 87 
Non-Trucks 430  84 84 168  5 8 13 
Total 3,476  151 184 335  122 100 222 

          
Logistics Park          
Trucks 2,254  31 38 69  42 34 76 
Non-Trucks 8,781  423 38 461  287 353 640 
Total 11,035  454 76 530  329 387 716 
          

IMF+ Logistics Park          
Trucks 4,030  70 96 166  110 88 198 
Bobtails 1,270  28 42 70  49 38 87 
Non-Trucks 9,211  507 122 629  292 361 653 
Total 14,511  605 260 865  451 487 938 
          

Note: Bobtails are not typically measured at existing IMFs.   
A conservative estimate was calculated to capture potential bobtail traffic.  
Actual bobtail trips are likely to be less than what has been projected as 
trips will be generated by lifts and container staging.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3.2 2015 Gardner IMF Operations plus Induced Development 
 

2015 Gardner IMF Operations plus Induced Development Forecast Volumes 
 
Under this scenario, the Gardner IMF is 
projected to operate with 495,000 annual lifts 
and generate nearly 3,500 vpd, including 335 
during the a.m. peak hour and 222 during the 
p.m. peak hour.  The Logistics Park Kansas 
City is expected to occupy 2.86 million square 
feet and generate approximately 11,000 vpd, 
including 530 during the a.m. peak hour and 
716 during the p.m. peak hour (Table 3-21). 
 
These trips were assigned to the traffic study 
area roadways using procedures described 
earlier in this document and detailed in 
Appendix A.  
 
The 2015 Gardner IMF Operations plus 
Induced Development scenario ADT and 
peak-hour forecasts are presented in Figures 
3-21 and 3-22. Peak hour truck percentages 
are illustrated in Appendix C.  
 
2015 Gardner IMF Operations plus Induced 
Development Geometry Assumptions 
The base geometry assumptions for this 
scenario are identical to those of the 2015 
Gardner No Action scenario. 
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Figure 3-21:  2015 Gardner IMF Operations plus Induced Development ADTs 
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Figure 3-22:  2015 Gardner IMF Operations plus Induced Development Turning Movement Volumes 
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Table 3-22:  Comparison of 2015 Gardner No Action, IMF Operations, and Induced Development 
Study Intersection Analysis 

  
 

  No Action Gardner IMF Operations 
Gardner IMF Operations + 

Induced Development 
   AM Peak hr PM Peak hr AM Peak hr PM Peak hr AM Peak hr PM Peak hr 

 
Location 

Traffic 
Control 

Delay 
(sec/veh) LOS Delay LOS Delay LOS Delay LOS Delay LOS Delay LOS 

1 175th St/ Waverly Rd AWSC 15.1 C 12.3 B 15.5 C 12.4 B 16.8 C 13.2 B 
2 US 56/ Gardner Rd Sig 24.9 C 27.1 C 26.1 C 27.8 C 34.9 C 49.4 D 
3 US 56/ Elm St Sig 4.5 A 3.8 A 4.7 A 3.9 A 4.7 A 4.9 A 
4 US 56/ Mulberry St Sig 5.4 A 3.8 A 5.7 A 3.7 A 6.4 A 4.3 A 
5 US 56/ Moonlight Rd Sig 27.6 C 24.8 C 28.4 C 22.7 C 26.4 C 23.9 C 
6 US 56/ Old US 56 Sig 9.9 A 9.2 A 11.1 B 9.5 A 10.4 B 10.8 B 
7 US 56/ Cedar Niles  Sig 19 B 21.5 C 15.7 B 21.4 C 19 B 24.4 C 
8 I-35 SB Ramps/ US 56 Sig 13.5 B 16.7 B 16.4 B 34.8 C 21.8 C 36.2 D 
9 I-35 NB Ramps/ US 56 Sig 12.2 B 7 A 14.7 B 8.3 A 14.4 B 11.1 B 

10 Moonlight Rd/ Santa Fe Sig 8.4 A 8.6 A 8.2 A 8.1 A 7.5 A 9.6 A 
11 US 56/ Waverly Rd TWSC 16.1 (NB) C 13.0 (SB) B 16.2 (NB) C 13.8 (SB) B 58.6 (SB) F 29.9 (SB) D 
12 183rd St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A 7.0 A 6.9) A 
13 183rd St/ US 56 TWSC1 14.2 (EB) B 14.5 (WB) B 12.7 (EB) B 12.8 (EB) B 12.7 (EB) B 13.0 (EB) B 
14 183rd St/ Waverly Rd TWSC1 9.2 (SB) A 9.0 (NB) A 8.9 (WB) A 8.5 (WB) A 9.3 (WB) A 9.2 (WB) A 
15 183rd St/ Gardner Rd Sig 19.1 B 15 B 13.2 B 8.8 A 19.6 B 12.3 B 
16 US 56/ Four Corners TWSC1 13.3 (NB) B 13.8 (NB) B 9.0 (SB) A 10.7 (SB) B 9.0 (EB) A 10.8 (EB) B 
17 191st St/ US 56 TWSC1 13.7 (EB) B 14.5 (WB) B 11.9 (EB) B 12.2 (EB) B 12.0 (EB) B 12.4 (EB) B  
18 191st St/ Four Corners TWSC 8.6 (WB) A 8.6 (WB) A -- -- -- -- -- -- -- -- 
19 191st St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A 10.8 (SB) B 10.3 (SB) B 12.6 (SB) B 13.0 (NB) B 
20 Gardner Rd/ 188th St Sig 3.7 A 4.0 A 11.3 B 5.7 A 9.3 A 9.5 A 
21 I-35 SB / Gardner Rd Sig 5.4 A 12.7 B 12.0 B 13.6 B 14.6 B 17.2 B 
22 I-35 NB / Gardner Rd Sig 15.4 B 6.9 A 53.5 D 9.3 A 76.6 E 17.4 B 
23 Gardner Rd/ E 191st St OWSC 10.4 (WB) B 9.5 (WB) A 10.4 (WB) B 9.5 (WB) A 10.7 (WB) B 9.7 (WB) A 
24 US 56/ Sunflower Rd TWSC 17.2 (NW) C 18.9 (NW) C 18.2 (NW) C 20.0 (NW) C 18.5 (NW) C 20.4 (NW) C 
25 US 56/ E 4th St OWSC 14.6 (NB) B 19.0 (NB) C 14.7 (NB) B 19.3 (NB) C 14.7 (NB) B 19.7 (NB) C 
26 199th St/ Four Corners OWSC 9.3 (SB) A 9.0 (SB) A 9.4 (SB) A 9.3 (SB) A 9.4 (SB) A 9.2 (SB) A 
27 199th St/ Gardner Rd AWSC 9.9 A 9.4 A 10.1 B 9.5 A 10.3 B 10.0 B 
80 IMF (Truck Entr) OWSC -- -- -- -- 10.6 (SB) B 10.8 (SB) B 10.6 (SB) B 10.8 (SB) B 
81 Logistics Park OWSC -- -- -- -- -- -- -- -- 11.6 (SB) B 12.2 (SB) B 
82 IMF (Gen Staff Entr) OWSC -- -- -- -- 9.2 (EB) A 8.7 (EB) A 9.8 (EB) A 9.3 (EB) A 
83 Logistics Park OWSC -- -- -- -- -- -- -- -- 12.8 (EB) B 12.7 (EB) B 
84 IMF (Admin Entr) OWSC -- -- -- -- 9.7 (SB) A 9.4 (SB) A 9.6 (SB) A 9.4 (SB) A 
Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown.  
1 In the Proposed Action and Indirect Effects scenarios these intersections become OWSC due to road closures.  

2015 Gardner IMF Operations plus Induced Development Intersection Analysis 
The results of the intersection analysis for this scenario are shown in Table 3-22.  The 2015 
analysis forecasted that two study intersections would operate at LOS E or worse during the a.m. 
peak hour as a result of induced development.  The intersections evaluated, and their forecasted 
operations under the No Action and 2015 Gardner IMF operations plus induced development 
scenarios are described below and highlighted in Table 3-22:  

 
• Intersection #11 (US 56/Waverly Road): The southbound approach to this 

intersection is projected to operate at LOS F during the a.m. peak hour.   

• Intersection #22 (I-35 Northbound Ramps/Gardner Road): This intersection is 
projected to operate at LOS E during the a.m. peak hour. 

The indirect impact associated with Intersection #11 is considered to be significant, and potential 
mitigation measures are discussed in the Mitigation Technical Report (HDR 2008c).  While 
Intersection #22 is predicted to operate below the acceptable LOS threshold in 2015, based on 
coordination with KDOT, the impact is not considered to be significant because the condition is 
predicted to be temporary and will be alleviated by the opening of the I-35/Waverly Road 
interchange by the end of 2015 or shortly thereafter.   
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Table 3-23:  2015 Gardner IMF Operations plus Induced Development 

 Freeway/Ramp Analysis 
 

   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments 
I-35 NB      

 
Sunflower to Waverly 2 14.3 B 8.1 A 
Gardner to US 56 2 20.1 C 11.5 B 
US 56 to 151st Street 2 38.1 E 20.1 C 

I-35 SB      

 
151st St to US 56 2 16.8 B 37.6 E 
US 56 to Gardner 2 7.8 A 22.3 C 
Waverly to Sunflower 2 5.5 A 16.2 B 

Ramp Merge/Diverge     
I-35 NB      

 

Gardner Road Off N/A 14.2 B 6.8 A 
Gardner Road On N/A 22.8 C 13.6 B 
US 56 Off N/A 21.2 C 10.9 B 
US 56 EB on-loop N/A 35.6 E 23.9 C 
US 56 WB on N/A 34.8 D 22.0 C 

I-35 SB      

 
 

US 56 Off N/A 17.3 B 35.4 E 
US 56 On N/A 8.7 A 24.0 C 
Gardner Road Off N/A 6.5 A 23.7 C 
Gardner Road On N/A 6.5 A 18.4 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold 

2015 Gardner IMF Operations plus Induced Development Freeway/Ramp Analysis  

Table 3-23 summarizes the LOS analysis for freeways and ramps.  Like the 2015 Gardner IMF 
Operations scenario, the analysis predicted an LOS E on northbound I-35 from US 56 to 151st 
Street in 2015 as well as at the associated US 56 eastbound on-loop to northbound I-35.  The 
analysis also predicted levels or service below the desirable threshold in two additional areas: 
 

• I-35 Southbound, 151st Street to US 56: This segment is projected to operate at LOS 
E; it is the reverse/complementary direction of the segment described above.   

• I-35 Southbound Off-Ramp to US 56: This ramp is forecasted to operate at LOS E.  
 
However, these four capacity issues would be anticipated to be addressed by planned 
improvements included in the MARC LRTP.  Therefore, only minor adverse impacts are predicted 
to occur to freeway and ramp operation.  If for some reason, the planned improvements to I-35 do 
not follow what is currently outlined in the LRTP, the 2015 traffic volumes would be near the LOS 
D/E threshold.  Only minimal traffic diversion to the local and regional arterial street system in 
2015 would be expected.   
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Table 3-24:  2030 Gardner IMF Operations plus Induced 

Development Trip Generation 
 

   AM Peak Hour  PM Peak Hour 

 Daily  in out tota
l  in out total 

IMF          
Trucks 3,121  68 103 171  120 94 214 
Bobtails 2,233  49 73 122  86 67 153 
Non-Trucks 691  135 135 270  7 14 21 
Total 6,045  252 311 563  213 175 388 

          
Logistics Park          
Trucks 2,254  31 38 69  42 34 76 
Non-Trucks 8,781  423 38 461  287 353 640 
Total 11,035  454 76 530  329 387 716 
          

IMF + Logistics  
Park          

Trucks 5,375  99 141 240  162 128 290 
Bobtails 2,233  49 73 122  86 67 153 
Non-Trucks 9,472  558 173 731  294 367 661 
Total 17,080  706 387 1,093  542 562 1,104 
          

Note: Bobtails are not typically measured at existing IMFs.  A conservative 
estimate was calculated to capture potential bobtail traffic.  Actual bobtail trips 
are likely to be less than what has been projected as trips will be generated by 

3.3.3 2030 Gardner IMF Operations plus Induced Development 
 

2030 Gardner IMF Operations plus Induced Development Forecast Volumes 
Under this scenario, the proposed Gardner IMF is projected to operate with 870,000 annual lifts 
and generate nearly 6,000 vpd, including approximately 563 during the a.m. peak hour and 388 
during the p.m. peak hour.  Based on reasonably foreseeable growth, the Logistics Park Kansas 
City is expected to occupy 2.86 million square feet (Crandall VS, 2008) and generate 
approximately 11,000 vpd, including 530 during the a.m. peak hour, and 716 during the p.m. peak 
hour (Table 3-24). 
 
These trips were assigned to the study area roadways using procedures described earlier in this 
document and detailed in Appendix A.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 2030 Gardner IMF Operations plus Induced Development ADT and peak-hour forecasts are 
presented in Figures 3-23 and 3-24.  Peak hour truck percentages are illustrated in Appendix C. 
 
2030 Gardner IMF Operations plus Induced Development Geometry Assumptions 
The base geometry assumptions for this scenario are identical to those of the 2030 Gardner 
Improved No Action scenario. 
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Figure 3-23:  2030 Gardner IMF Operations plus Induced Development ADTs 
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Figure 3-24:  2030 Gardner IMF Operations plus Induced Development Turning Movement Volumes 
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2030 Gardner IMF Operations plus Induced Development Intersection Analysis 
Table 3-25 summarizes the results of the intersection analysis for this scenario.  As the table 
indicates, the three intersections that were projected to operate below the acceptable LOS 
threshold under the Improved No Action scenario (5, 7, 8) are projected to continue to operate at 
the same LOS with the addition of the Proposed Action and indirect effects, with generally minor 
changes in delay that are not considered significant.  The two intersections that were projected to 
operate below the acceptable LOS threshold under the 2030 Gardner IMF Operations scenario 
(26, 37) are projected to continue to experience levels of service below the acceptable threshold 
under this scenario; however, this is considered a moderate potential impact in 2030 and 
mitigation is not required.     
 
In addition, LOS issues are projected at one other intersection:  
 

• Intersection 19 (191st Street/Waverly Road): The northbound approach to the 
intersection is projected to operate at LOS F during the p.m. peak hour.  This year 
2030 potential impact is considered moderate and would not require mitigation.     

                                                                                          
Table 3-25:  2030 Gardner IMF Operations plus Induced Development Study Intersection Analysis 

 
   Improved No Action Proposed Action Indirect Effects 
   AM Peak Hr PM Peak Hr AM Peak hr PM Peak Hr AM Peak hr PM Peak Hr 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS Delay LOS Delay LOS Delay LOS Delay LOS Delay LOS

1 175th St/ Waverly Rd Sig 19.0 B 15.4 B 20.6 C 15.8 B 21.4 C 15.5 B 
2 US 56/ Gardner Rd Sig 29.1 C 27.2 C 31.0 C 31.8 C 30.2 C 34.7 C 
3 US 56/ Elm St Sig 6.7 A 8.2 A 6.9 A 8.2 A 6.8 A 8.3 A 
4 US 56/ Mulberry St Sig 5.6 A 4.4 A 5.6 A 4.6 A 5.8 A 4.8 A 
5 US 56/ Moonlight Rd Sig 105.9 F 111.4 F 107.8 F 121.4 F 106.5 F 119.7 F 
6 US 56/ Old US 56 Sig 13.7 B 24.9 C 14.6 B 28.3 C 15.2 B 23.3 C 
7 US 56/ Cedar Niles  Sig 36.7 D 60.4 E 37.7 D 60.9 E 38.7 D 60.0 E 
8 I-35 SB Ramps/ US 56 Sig 119.3 F 184.3 F 116 F 185.4 F 118 F 187.8 F 
9 I-35 NB Ramps/ US 56 Sig 21 C 12.5 B 20.4 C 12.7 B 20.3 C 12.8 B 

10 Moonlight Rd/ Santa Fe Sig 22.1 C 19.3 B 22.7 C 19.9 B 22 C 22.2 C 
11 US 56/ Waverly Rd Sig 25.8 C 34.0 C 27.5 C 36.7 D 27.6 C 35.0 C 
12 183rd St/ Four Corners AWSC 8.4 A 8.6 A 7.4 A 7.4 A 7.4 A 7.4 A 
13 183rd St/ US 56 TWSC 12.4 (WB) B 13.4 (EB) B 10.5 (EB) B 10.7 (EB) B 10.5 (EB) B 10.7 (EB) B 
14 183rd St/ Waverly Rd TWSC 12.0 (NB) B 13.0 (SB) B 12.6 (WB) B 11.2 (WB) B 13.5 (WB) B 12.4 (WB) B 
15 183rd St/ Gardner Rd Sig 24.6 C 18.9 B 25.7 C 30.5 C 25.6 C 33.5 C 
16 US 56/ Four Corners TWSC 15.8 (SB) C 18.2 (NB) C 8.9 (SB) A 9.2 (SB) A 8.9 (SB) A 9.2 (SB) A 
17 191st St/ US 56 TWSC 11.0 (EB) B 11.4 (EB) B 10.2 (EB) B 10.8 (EB) B 10.2 (EB) B 10.8 (EB) B 
18 191st St/ Four Corners OWSC 10.3 (WB) B 10.0 (WB) B  Does not exist   Does not exist  10.7 (NB) B 10.9 (NB) B 
19 191st St/ Waverly Rd TWSC 10.0 (SB) A 10.8 (SB) B 14.9 (SB) B 22.8 (NB) C 22.8 (NB) C 107.2(NB) F 
20 Gardner Rd/ 188th St Sig 24.3 C 37.6 D 25.9 C 37.9 D 28.4 C 35.9 D 
21 I-35 SB / Gardner Rd Sig 13.1 B 24.3 C 12.9 B 25.3 C 13.7 B 23.5 C 
22 I-35 NB / Gardner Rd Sig 39.9 D 21.1 C 42.4 D 28.0 C 39.0 D 27.3 C 
23 Gardner Rd/ E 191st St Sig 6.3 A 9.5 A 6.5 A 9.6 A 6.8 A 9.3 A 
24 US 56/ Sunflower Rd Sig 19.0 B 19.3 B 18.7 B 27.1 C 20.1 C 31.1 C 
25 US 56/ E 4th St Sig 10.9 B 11.7 B 11.2 B 12.3 B 11.2 B 12.2 B 
26 199th St/ Four Corners OWSC 20.0 (SB) C 20.8 (SB) C 44.5 (SB) E 51.7 (SB) F 42.6 (SB) E 57.4 (SB) F 
27 199th St/ Gardner Rd Sig 27.0 C 21.7 C 27.0 C 23.2 C 27.4 C 23.4 C 
37 199th St/Waverly Rd OWSC 16.9 (SB) C 21.1 (SB) C 32.5 (SB) D 47.6 (SW) E 41.5 (SW) E 76.8 (SW) F 
38 199th St/I-35 SB Sig 16.5 B 21.1 C 22.6 C 48.4 D 31.0 C 43.7 D 
39 199th St/I-35 NB Sig 14.0 B 7.7 A 22.7 C 9.5 A 27.9 C 19.9 B 
40 199th St/Waverly Rd OWSC 10.6 (NB) B 11.1 (NB) B 10.2 (NB) B 10.5 (NB) B 10.3 (NB) B 10.6 (NB) B 
80 IMF (Truck Entr) -- -- -- -- -- 13.5(SB) B 14.4(SB) B 13.9(SB) B 15.3(SB) C 
81 Logistics Park -- -- -- -- -- -- -- -- -- 12.8(SB) B 15.0(SB) C 
82 IMF (Gen Staff Entr) -- -- -- -- -- 13.3(EB) B 10.9(EB) B 13.5(EB) B 11.6(EB) B 
83 Logistics Park -- -- -- -- -- -- -- -- -- 24.5(EB) C 21.6(EB) C 
84 IMF (Admin Entr) -- -- -- -- -- 9.2(SB) A 9.0(SB) A 9.3(SB) A 9.5(SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown.  
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Table 3-26:  2030 Gardner IMF Operations plus Induced Development 

Freeway/Ramp Analysis 
 

   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 
(pc/mi/ln

) 

LO
S 

Density 
(pc/mi/ln) 

LO
S 

Basic Freeway Segments 
I-35 NB      

 

Sunflower to Waverly 2 24.5 C 13.7 B 
Waverly to Gardner 3 18.8 C 12.5 B 
Gardner to US 56 3 25.3 C 17.3 B 
US 56 to 151st Street 3 37.3 E 25.3 C 

I-35 SB      

 

151st St to US 56 3 20.8 C 35.7 E 
US 56 to Gardner 3 14.6 B 28.1 D 
Gardner to Waverly 3 10.2 A 20.7 C 
Waverly to Sunflower 2 11.1 B 27.9 D 

Ramp Merge/Diverge     
I-35 NB      

 

Waverly Road Off N/A 26.1 C 13.6 B 
Waverly Road On N/A 22.8 C 16.3 B 
Gardner Road Off N/A 20.2 C 13.1 B 
Gardner Road On N/A 29.5 D 21.0 C 
US 56 Off N/A 26.8 C 18.9 B 
US 56 EB on-loop N/A 35.4 E 27.7 C 
US 56 WB on N/A 32.3 D 25.9 C 

I-35 SB      

 
 

US 56 Off N/A 10.9 B 19.9 B 
US 56 On N/A 15.9 B 29.6 D 
Gardner Road Off N/A 17.1 B 30.4 D 
Gardner Road On N/A 10.8 B 21.8 C 
Waverly Road Off N/A 11.7 B 23.6 C 
Waverly Road On N/A 12.6 B 29.9 D 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold.

2030 Gardner IMF Operations plus Induced Development Freeway/Ramp Analysis  
 

Table 3-26 summarizes the LOS analysis for freeways and ramps.  Like the 2030 Gardner IMF 
Operations scenario, the analysis predicted LOS E on northbound I-35 from US 56 to 151st 
Street, and the associated US 56 eastbound on-loop to northbound I-35.  However, this scenario 
also shows a LOS below the acceptable threshold in one additional area: 
 

• I-35 Southbound, 151st Street to US 56: This segment is projected to operate at LOS 
E (just exceeding the D/E threshold); it is the reverse/complementary direction of the 
segment previously described.  It is fairly typical to widen freeway basic lanes 
symmetrically; thus, it would be reasonable to expect that in addressing the 
improvements needed in the 2030 No Action scenario (southbound), the northbound 
segment would also be widened.  Therefore, it is not considered a significant impact 

No capacity improvements for this area are currently programmed in the LRTP.  However, 
because this area would fail under the No Action scenario, these LOS issues are not considered 
to be significant impacts from the Gardner IMF or Induced Development.     
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3.3.4 Transit 
 
With the addition of the 2.86 million 
square feet of warehousing associated 
with the Logistics Park Kansas City by 
2015, it is expected that the demand 
for transit would increase somewhat 
over the Gardner IMF Operations 
Scenario.  It is estimated that this new 
warehouse development would employ 
over 1,700 people.  However, given the 
low-density development patterns 
required for modern warehouse space, 
and the two- and three-shift patterns 
often in use in these facilities, it may 
still be difficult to effectively and 
efficiently serve this development with 
transit.  While transit service to the 
development could be pursued in the 
future as the development proceeded, 
it might not be practical in the near-
term.  However, given the proposal for 
a Gardner circulator bus route (Figure 
3-25), it would be beneficial if planning 
for that route would consider any new Logistics Park Kansas City warehousing space.  This 
planned circulator route presents a good opportunity for providing enhanced transportation 
options in the Gardner area.  It may also be beneficial if Johnson County Transit considered 
providing reverse-commute transit service as part of its peak-period express service to the 
Gardner area (a.m. inbound to Gardner and p.m. outbound from Gardner).  This could potentially 
be implemented with modest added cost and could increase accessibility for employees living in 
other parts of the metro area.  However, neither of these planning considerations for transit is 
considered necessary as a consequence of development of the Logistics Park Kansas City. 
 
3.3.5 Pedestrian/Bicycle 
 
With the addition of the Logistics Park Kansas City, two potential areas of impact were 
considered: the potential pedestrian, bicycle, and trail activity or demand associated with the 
Logistics Park Kansas City development and the physical relationship of this development to 
existing and proposed pedestrian, bicycle, and trail facilities. 
 
On opening day (2010), off-site pedestrian traffic associated with the Logistics Park Kansas City 
development is expected to be minimal.  The primary reason for this is the long walk distances 
between the development and most residential or retail destinations.  Following the roadways, the 
nearest subdivision entrance is over 2 miles from the assumed 2010 Indirect Effects development 
site and the nearest retail establishment is over 1.5 miles away.  Second, the estimated total 
number of local employees on site at any one time in 2010 (for both the IMF and Logistics Park 
Kansas City) would still be fairly modest (between 250 and 430).  A third reason is the off-peak 
two-shift/three-shift nature of intermodal and warehouse work.  Approximately 80 percent of the 
BNSF employees would work 12-hour shifts, with shift changes at 7:00 a.m. and 7:00 p.m. The 
warehouse employee work schedule could be a one-, two-, or even three-shift schedule. 
 
Pedestrian activity may increase in the future if new development were to occur within walking 
distance of the warehouse development, but given the nature and dispersion of the on-site 
activity, it is not expected to be a major mode for the site in the foreseeable future.  
 

Local Link Connector 

Local Link Circulator
(Flex Route Area)

Express Bus
(Freeway Flyer)

P 

P 

Figure 3-25: Long-Term Planned Transit Service 
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Bicycle activity is expected to be minimal for the same reasons that pedestrian activity is 
expected to be minimal.  In the near term, any bicycle activity associated with the facility would be 
adult work-based trips and these trips could be accommodated on the planned paved roadways 
(or sidewalks on 191st Street).  In the longer term, the new arterial pathways on Waverly Road 
and 183rd Street could also be available.   
 
Regarding the impact on the existing and proposed facilities, while there are no existing facilities 
that would be physically impacted by the Logistics Park Kansas City development, it could affect 
some of the proposed future facilities in the area.  However, the City of Gardner has indicated 
that it expects to initiate a new Master Plan for trails and pathways later this year (2008).  The 
City expects major changes to the proposed trails and pathways in the vicinity of the Proposed 
Action and the Logistics Park Kansas City to avoid conflicts with these planned developments.  
Therefore, the potential impacts described below are expected to be resolved through the 
completion of the updated Master Plan.  Figure 3-26 illustrates the trails. 
 

• Gardner Trail 1 ( ) - The 
north-south trail that would cut 
through the project site would 
also potentially conflict with the 
Logistics Park Kansas City 
development. It would need to 
be rerouted, shortened, or 
eliminated.  There are other 
routing options as outlined 
previously in Section 3.2.6.   

• Gardner Trail 2 ( ) – The 
east-west trail along 183rd 
Street would divide the 
intermodal site and would also 
potentially be in conflict with 
the Indirect Effects 
development.  It would need to 
be rerouted, shortened, or 
eliminated as outlined in 
Section 3.2.6. 

• Gardner Trail 3 ( ) – This 
trail would intersect Waverly 
Road just north of 191st Street 
and then continue southwest across 191st Street.  It could potentially be in conflict with 
the Logistics Park Kansas City development.  One rerouting option would be to modify 
the plan to show the trail following Waverly south to 191st Street and then 191st Street 
west to reconnect with the prior trail alignment. 

• Pathway on Waverly Road ( ) - The proposed pathway along Waverly Road can still 
be implemented as planned.  It would run along the edge of a portion of the Logistics 
Park Kansas City development.  As mentioned in Section 3.2.6, there is ongoing 
coordination between the roadway planners and the City regarding if and where trail 
facilities are needed along both Waverly Road and 191st Street consistent with the update 
of the Master Plan. 

 
3.3.6 At-Grade Rail-Highway Crossings and Delay 
 
The Logistics Park Kansas City development would not alter the projected train volumes or 
speeds.  It would, however, increase traffic volumes, mainly over the Waverly Road crossing.  
Thus, the number of vehicles actually delayed at the Waverly crossing (during the p.m. peak 
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Figure 3-26:  Potential Future Trails 
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hour) would increase by 5 in 2010, 56 in 2015, and 78 in 2030 compared to the Proposed Action 
and Future Gardner IMF Operations scenarios.  The average delay to all vehicles and the 
average delay to delayed vehicles, however, would change very little regardless of the year (+ 3 
seconds or less).  Therefore, only minor indirect impacts to crossing delay are anticipated. 

 
3.3.7 Emergency Vehicle Access 
 
The Logistics Park Kansas City development would not result in any additional road closures or 
rail re-alignments. Therefore, no significant impacts are expected to emergency vehicle response 
distances or response times in the area. 
 
3.3.8 Circulation System 
 
In the Gardner IMF Operations plus Induced Development Scenario, the local and regional 
connectivity in the vicinity of the Gardner IMF would not change substantially as there would be 
few major highway modifications.  The volume of traffic on the local roadways (especially Waverly 
Road) would increase.  This would further highlight the importance of Waverly Road as a north-
south arterial in the area.  It was assumed in the traffic modeling that the new service road 
(between the IMF and the BNSF mainline tracks to the north) would ultimately connect to 191st 
Street (near Four Corners).  This connection would provide development on the service road 
north of the IMF with additional options for reaching the regional highway system because there 
would be two ways to access that development area.  Consistent with the 2030 Proposed Action 
scenario, it was also assumed in the traffic modeling that through trucks would be restricted from 
using both 183rd Street and 191st Street/188th Street between Waverly Road and Gardner Road.  

 
3.3.9 Roadway Design Considerations 
 
The Logistics Park Kansas City development would increase traffic volumes on some of the area 
roadways as outlined previously.  In 2010 and 2015, much of the truck traffic would use Waverly 
Road and 191st Street to access Gardner Road and I-35.  Both Waverly Road and 191st Street 
are anticipated to be upgraded as part of the Proposed Action in advance of the Logistics Park 
Kansas City development and in accordance with applicable design standards. Improvements to 
Gardner Road near I-35 are being made by KDOT as previously discussed.  In the 2010 and 
2015 Scenarios, the majority of IMF and Logistics Park Kansas City truck traffic are forecasted to 
use 191st Street and Gardner Road to travel to and from I-35.  For example, in 2015, 202 out of 
247 p.m. peak hour trucks leaving the IMF and Logistics Park Kansas City area are forecasted to 
use this route (over 81 percent)2. This would minimize any potential near-term effects on other 
local roadways. 
 
Because the location of a new interchange has not been determined by KDOT, this analysis 
assumed the CARNP location for an interchange.  By 2030, the new I-35 interchange at 199th 
Street and Waverly Road between the City of Gardner and the City of Edgerton was forecasted to 
attract the vast majority of IMF and Logistics Park Kansas City truck traffic.  However, the trucks 
would use a combination of the new Waverly Road connection between 191st Street and 199th 
Street and the Four Corners connection to 199th Street to access this interchange.  Also, 199th 
Street is anticipated to be improved (as called for in the CARNP plan), in response to 
area/corridor development needs as mentioned in the No Action Scenario.  Therefore, Four 
Corners Road may be the one roadway in the 2030 Scenario that could experience truck volumes 
for which it was not designed.  However, given the closure of Four Corners north of 191st Street, 
non-IMF and non-Logistics Park Kansas City traffic on that roadway would be minimal.  One other 
point that should be mentioned is that while this analysis assumes that the new I-35 interchange 

                                                 
 
2 As previously discussed, the 2015 analysis does not include the new interchange.  However, it is included in the 
2030 analysis.   
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will not be in service by 2015, it could be available by then or a short time after.  When it is in 
service, the traffic patterns are expected to shift as explained for 2030, although 2015 volumes 
would be lower than the volumes predicted for 2030. 
 
By 2030, the Logistics Park Kansas City truck routing is forecasted to shift to the new 
interchange.   
 
Conflicts between school traffic and the combined Logistics Park Kansas City and IMF truck 
traffic are not anticipated because of the low volume of trucks from these sources traveling in 
front of the local schools. For example, in 2015 two trucks are projected to use Gardner Road 
south of I-35 (in the vicinity of the Nike Elementary School) during the 7:00 to 8:00 a.m. hour.  On 
Waverly Road north of US 56, in 2015 two trucks are projected during this a.m. peak hour.  No 
IMF trucks are projected to use US 56 just west of Waverly and 29 trucks are projected on US 56 
east of Waverly road during the a.m. peak hour.   
 
3.3.10 Construction Traffic 
 
Construction of the Logistics Park Kansas City would begin sometime near the beginning of the 
Proposed Action construction activity.  The first building would be completed within 12 to 24 
months of the start of the Proposed Action depending on the exact start time, building size, 
location, market factors, and other key parameters.  Construction of the building would include 
both the building itself and associated site improvements (such as parking, drainage, utilities, and 
on-site roadways).  Construction staging areas would likely be on site.  After construction of the 
first building, additional buildings are anticipated over the next five years.  Therefore, construction 
activities would be beginning and ending at various locations over the course of this time period.  
It is not currently known how much construction traffic would be generated at any one time over 
the course of the construction of the Logistics Park Kansas City.  A traffic management plan 
would address the issue of site access and egress including haul routes to and from the site as 
necessary.   

 
3.4 Direct Effects – Wellsville North 
 
This section includes traffic analysis of the Wellsville 
North Alternative located further to the south and west of 
the Gardner project site, near the City of Wellsville.  The 
operational analysis uses the same methodology, but 
focuses on a different set of intersections that partially 
overlap the Gardner traffic study area (as previously 
discussed in Section 2.2).  Detailed operational analysis 
sheets for intersections and freeway facilities are included 
in Appendix G.  
 

3.4.1 2010 Wellsville North No Action 
 
2010 Wellsville North No Action Forecast 
Volumes 
As with the Proposed Action, the 2010 Wellsville 
North Alternative No Action scenario is a near-
term scenario for comparing opening day for this alternative.  It assumes modest near-term traffic 
growth consistent with historical growth in the area.  Based on KDOT traffic count data, and 
consistent with the recently completed I-35 Gardner BIA Study, a growth rate of 2.8 percent per 
year was assumed for intersections and a growth rate of approximately 3.2 percent per year was 
assumed for the I-35 mainline. These growth rates were applied to the existing (2008) volumes.  
 

Figure 3-27:  2010 Wellsville North No 
Action ADTs 
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The resulting 2010 No Action ADT volumes and peak-hour turning-movement volumes are shown 
in Figures 3-27 and 3-28.  The volumes are rounded, reflecting that they are forecasts.  The peak 
hour truck percentages are illustrated in Appendix C. 
 

Figure 3-28:  2010 Wellsville North No Action Turning Movement Volumes 

 
 
2010 Wellsville North No Action Geometry Assumptions 
Section 3.1.1 describes a set of near-term improvements that are planned in the Gardner study 
area, as well as “Improved No Action” improvements that could reasonably be expected to occur 
to accommodate growth in the area not associated with an IMF at the Wellsville North site (i.e., 
2010 Gardner No Action scenario).  Of these improvements, only two overlap with the Wellsville 
North study area, including signalization and associated improvements at Intersections #8 (US 
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Table 3-28:  2010 Wellsville North No Action Freeway/Ramp Analysis 
 

   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln

) 
LOS 

Basic Freeway Segments 
I-35 NB      

 
Edgerton to Sunflower 2 9.8 A 6.1 A 
Sunflower to Waverly 2 12.0 B 6.8 A 
Gardner to US 56 2 15.9 B 8.3 A 

I-35 SB      

 
US 56 to Gardner 2 5.0 A 17.3 B 
Waverly to Sunflower 2 4.6 A 13.6 B 
Sunflower to Edgerton 2 4.3 A 11.7 B 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 8.9 A 4.4 A 
Sunflower Road On N/A 13.4 B 7.8 A 
Gardner Road Off N/A 11.5 B 5.2 A 
Gardner Road On N/A 17.7 B 9.5 A 

I-35 SB      

 

Gardner Road Off N/A 3.1 A 17.8 B 
Gardner Road On N/A 5.4 A 15.2 B 
Sunflower Road Off N/A 2.6 A 13.5 B 
Sunflower Road On N/A 5.1 A 13.1 B 

Notes: pc/mi/ln passenger cars per mile per lane LOS Level of Service

                                                                          
Table 3-27:  2010 Wellsville North Improved No Action Study Intersection Analysis 

 

   Improved No Action Analysis 
   AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd TWSC 24.3 (SB) C 14.2 (SB) B 
2 US 56/ Gardner Rd Signalized 17.5 B 17.3 B 
8 I-35 SB Ramps/ US 56 Signalized 12.8 B 9.7 A 
9 I-35 NB Ramps/ US 56 Signalized 9.6 A 7.0 A 

11 US 56/ Waverly Rd TWSC 14.7 (NB) B 12.8 (SB) B 
13 183rd St/ US 56 TWSC 13.1 (EB) B 13.3 (WB) B 
16 US 56/ Four Corners Rd TWSC 12.4 (NB) B 12.6 (NB) B 
17 191st St/ US 56 TWSC 12.7 (EB) B 13.5 (WB) B 
24 US 56/ Sunflower Rd TWSC 15.2 (NW) C 15.5 (NW) C 
25 US 56/ E 4th St OWSC 12.5 (NB) B 15.4 (NB) C 
28 I-35 SB Ramps & Sunflower Rd OWSC 9.2 (WB) A 10.3 (WB) B 
29 I-35 NB Ramps & Sunflower Rd OWSC 13.3 (EB) B 10.0 (EB) B 
31 199th & Edgerton TWSC 13.3 (SB) B 12.8 (SB) B 
32 207th & Sunflower TWSC 10.9 (WB) B 12.4 (WB) B 
33 207th & Co-op Road OWSC 9.5 (SB) A 9.2 (SB) A 
34 207th & Edgerton AWSC 7.8 A 7.5 A 
35 207th & Evening Star OWSC 8.4 (NB) A 8.9 (NB) A 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 

56/I-35 SB Ramps) and #9 (US 56/I-35 NB Ramps).   No improvements beyond these were 
assumed for the 2010 Wellsville North Improved No Action scenario.   

 
2010 Wellsville North No Action Intersection Analysis 
A total of 18 intersections were examined using the projected 2010 No Action traffic volumes and 
the Improved 2010 No Action network assumptions described previously in this section. The 
results of this analysis are shown in Table 3-27. In this scenario, all study intersections are 
projected to operate at LOS C or better. 

 
2010 Wellsville North No Action Freeway/Ramp Analysis  
 

The 2010 Wellsville 
North No Action freeway 
analysis assumes the 
forecasted volumes pre-
sented in Figure 3-28 
and the current mainline 
and ramp geometry.  
The resulting operational 
analysis (for both main-
line and ramp junctions) 
is summarized in Table 
3-28. As the table 
indicates, all locations 
are forecasted to operate 
at an acceptable LOS of 
D or better during both 
peak hours. 
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3.4.2 2010 Wellsville North Alternative 

 
2010 Wellsville North Alternative Forecast Volumes 
To develop traffic forecasts for this analysis, the same intermodal trip generation assumptions 
were applied that were used for the 2010 Proposed Action scenario, resulting in 2,900 vpd, 
including 273 during the a.m. peak hour and 185 during the p.m. peak hour.  Traffic was 
distributed and assigned to the network using the same methodology used for the 2010 Proposed 
Action scenario (Appendix A).  
 
The resulting 2010 Wellsville North Alternative ADT volumes and peak-hour turning-movement 
volumes are shown in Figures 3-29 and 3-30.  The volumes are rounded, reflecting that they are 
forecasts. The peak hour truck percentages are illustrated in Appendix C.  
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
2010 Wellsville North Alternative Geometry Assumptions 
For purposes of analyses of the Wellsville North Alternative, it was assumed that certain 
improvements would be necessary to be able to accommodate construction and operation of an 
IMF at the Wellsville site.  These assumptions include upgrading both Evening Star Road and 
207th Street to provide needed pavement sections and widths to support the intermodal truck 
traffic.  In addition, improvements at Intersections 8 and 9 were assumed to be constructed 
without the IMF (“Improved No Action”). 
 

Figure 3-29:  2010 Wellsville North Alternative ADTs 
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Figure 3-30:  2010 Wellsville North Alternative Turning Movement Volumes 
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Table 3-30:  2010 Wellsville North Alternative Freeway/Ramp 

Analysis 
 

   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln

) 
LOS 

Basic Freeway Segments 
I-35 NB      

 
Edgerton to Sunflower 2 10.0 A 6.0 A 
Sunflower to Waverly 2 13.2 B 7.6 A 
Gardner to US 56 2 17.3 B 9.2 A 

I-35 SB      

 
US 56 to Gardner 2 5.9 A 18.3 C 
Waverly to Sunflower 2 5.5 A 14.7 B 
Sunflower to Edgerton 2 4.3 A 11.7 B 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 9.1 A 4.3 A 
Sunflower Road On N/A 15.3 B 8.3 A 
Gardner Road Off N/A 13.0 B 6.2 A 
Gardner Road On N/A 19.0 B 10.4 B 

I-35 SB      

 

Gardner Road Off N/A 4.2 A 19.1 B 
Gardner Road On N/A 6.4 A 16.3 B 
Sunflower Road Off N/A 3.7 A 14.7 B 
Sunflower Road On N/A 5.3 A 13.4 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service.

                                                                                                
Table 3-29:  2010 Wellsville North Improved No Action and Wellsville Alternative Study Intersection Analysis 

 
   Improved No Action Analysis Wellsville North Alternative Analysis 
   AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS

Delay 
(sec/veh) LOS

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd TWSC 24.3 (SB) C 14.2 (SB) B 25.0 (SB) D 14.2 (SB) B 
2 US 56/ Gardner Rd Signalized 17.5 B 17.3 B 18 B 17.5 B 
8 I-35 SB Ramps/ US 56 Signalized 12.8 B 9.7 A 13.8 B 40.7 D 
9 I-35 NB Ramps/ US 56 Signalized 9.6 A 7.0 A 13.6 B 7.0 A 

11 US 56/ Waverly Rd TWSC 14.7 (NB) B 12.8 (SB) B 15.1 (NB) C 12.9 (SB) B 
13 183rd St/ US 56 TWSC 13.1 (EB) B 13.3 (WB) B 13.4 (EB) B 13.3 (EB) B 
16 US 56/ Four Corners Rd TWSC 12.4 (NB) B 12.6 (NB) B 12.8 (NB) B 12.8 (NB) B 
17 191st St/ US 56 TWSC 12.7 (EB) B 13.5 (WB) B 12.3 (WB) B 13.6 (WB) B 
24 US 56/ Sunflower Rd TWSC 15.2 (NW) C 15.5 (NW) C 15.6 (NW) C 16.1 (NW) C 
25 US 56/ E 4th St OWSC 12.5 (NB) B 15.4 (NB) C 12.9 (NB) B 15.6 (NB) C 
28 I-35 SB Ramps/Sunflower Rd OWSC 9.2 (WB) A 10.3 (WB) B 9.9 (WB) A 12.0 (WB) B 
29 I-35 NB Ramps/Sunflower Rd OWSC 13.3 (EB) B 10.0 (EB) B 21.4 (EB) C 12.2 (EB) B 
31 199th & Edgerton TWSC 13.3 (SB) B 12.8 (SB) B 14.7 (SB) B 13.0 (SB) B 
32 207th & Sunflower TWSC 10.9 (WB) B 12.4 (WB) B 17.9 (WB) C 17.5 (WB) C 
33 207th & Co-op Road OWSC 9.5 (SB) A 9.2 (SB) A 11.6 (SB) B 11.0 (SB) B 
34 207th & Edgerton AWSC 7.8 A 7.5 A 11.6 (EB) B 10.7 (WB) B 
35 207th & Evening Star OWSC 8.4 (NB) A 8.9 (NB) A 10.7 (NB) B 10.7 (NB) B 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 12.4 (SB) B 12.0 (SB) B 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 

2010 Wellsville North Alternative Intersection Analysis 
The results of the intersection analysis for this scenario are summarized in Table 3-29.  As the 
table indicates, all intersections analyzed for the Wellsville North scenario are projected to continue 
to operate at LOS D or better.  Therefore,  minor impacts to intersections are anticipated.   

 
2010 Wellsville North Alternative Freeway/Ramp Analysis  
Table 3-30 summarizes 
the results of the freeway 
analysis for this scenario.  
As the table indicates, all 
freeway segments and 
ramps analyzed for the 
Wellsville North scenario 
are projected to continue 
to operate at LOS C or 
better with the Wellsville 
North Alternative.  There-
fore, minor impacts are 
predicted. 
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3.5 Indirect Effects – Future Wellsville North IMF Operations 
 

3.5.1 2015 Wellsville North No Action 
 

2015 Wellsville North No Action Forecast 
Volumes 
As with the analysis of the Proposed 
Action, the 2015 Wellsville North 
Alternative scenario is a near-term 
scenario for comparing No Action 
conditions with those of the Wellsville 
North Alternative five years after opening 
day.  It assumes modest near-term traffic 
growth consistent with historical growth 
in the area.  Based on KDOT count data, 
and consistent with the recently 
completed I-35 Gardner BIA Study, a 
growth rate of 2.8 percent per year was 
assumed for intersections and a growth 
rate of approximately 3.2 percent per 
year was assumed for the I-35 mainline. 
These growth rates were applied to the 
existing (2008) volumes.  
 
The resulting 2015 No Action ADT volumes and peak-hour turning movement volumes are 
illustrated in Figures 3-31 and 3-32.  Peak-hour truck percentages are illustrated in Appendix C. 

 
2015 Wellsville North No Action Geometry Assumptions 
The 2015 Wellsville North No Action geometry assumptions are identical to those of the 2010 
Wellsville North Improved No Action scenario (signalization and associated improvements at 
Intersections 8 and 9). 

Figure 3-31:  2015 Wellsville North No Action ADTs 
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Figure 3-32:  2015 Wellsville North No Action Turning Movement Volumes 
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Table 3-32:  2015 Wellsville North No Action Freeway/Ramp Analysis

 
   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln

) 
LOS 

Basic Freeway Segments 
I-35 NB      

 
Edgerton to Sunflower 2 10.8 A 6.8 A 
Sunflower to Waverly 2 14.0 B 7.9 A 
Gardner to US 56 2 18.6 C 9.7 A 

I-35 SB      

 
US 56 to Gardner 2 5.8 A 20.1 C 
Waverly to Sunflower 2 5.4 A 16.0 B 
Sunflower to Edgerton 2 4.8 A 12.9 B 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 10.0 B 5.2 A 
Sunflower Road On N/A 15.6 B 9.0 A 
Gardner Road Off N/A 13.9 B 6.5 A 
Gardner Road On N/A 20.5 C 11.0 B 

I-35 SB      

 

Gardner Road Off N/A 4.0 A 21.2 C 
Gardner Road On N/A 6.3 A 17.7 B 
Sunflower Road Off N/A 3.5 A 16.3 B 
Sunflower Road On N/A 5.7 A 14.4 B 

N t / i/l il l LOS L l f S i

                                                                  
Table 3-31:  2015 Wellsville North Improved No Action Study Intersection 

Analysis 
 

   Improved No Action Analysis 
   AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd AWSC 15.1 C 12.3 B 
2 US 56/ Gardner Rd Signalized 24.9 C 27.1 C 
8 I-35 SB Ramps/ US 56 Signalized 13.5 B 16.7 B 
9 I-35 NB Ramps/ US 56 Signalized 12.2 B 7.0 A 

11 US 56/ Waverly Rd TWSC 16.1 (NB) C 13.0 (SB) B 
13 183rd St/ US 56 TWSC 14.2 (EB) B 14.5 (WB) B 
16 US 56/ Four Corners Rd TWSC 13.3 (NB) B 13.8 (NB) B 
17 191st St/ US 56 TWSC 13.7 (EB) B 14.5 (WB) B 
24 US 56/ Sunflower Rd TWSC 17.2 (NW) C 18.9 (NW) C 
25 US 56/ E 4th St OWSC 14.6 (NB) B 19.0 (NB) C 
28 I-35 SB Ramps & Sunflower Rd OWSC 9.4 (WB) A 12.2 (WB) B 
29 I-35 NB Ramps & Sunflower Rd OWSC 23.0 (EB) C 12.0 (EB) B 
31 199th & Edgerton TWSC 14.3 (SB) B 13.8 (SB) B 
32 207th & Sunflower TWSC 12.9 (WB) B 13.8 (WB) B 
33 207th & Co-op Road OWSC 9.6 (SB) A 9.6 (SB) A 
34 207th & Edgerton AWSC 7.8 A 7.4 A 
35 207th & Evening Star OWSC 8.4 (NB) A 8.9 (NB) A 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control,  
LOS – Level of Service. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 

2015 Wellsville North No Action Intersection Analysis 
Table 3-31 summarizes the results of the intersection analysis for this scenario.  As Table 3-31 
indicates, all study intersections are projected to operate at LOS C or better.  Detailed intersection 
analysis sheets for the Wellsville North No Action scenarios are included in Appendix G. 

 

2015 Wellsville North No Action Freeway/Ramp Analysis  
The 2015 Wellsville North No Action freeway analysis assumes the forecasted volumes 
presented in Figure 3-32 
and the current mainline 
and ramp geometry.  The 
resulting operational 
analysis (for both mainline 
and ramp junctions) is 
summarized in Table 3-
32. As the table indicates, 
all locations are fore-
casted to operate at an 
acceptable LOS of C or 
better during both peak 
hours.  Detailed freeway 
analysis sheets for the 
Wellsville North No Action 
scenarios are included in 
Appendix G. 
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3.5.2 2015 Wellsville North Alternative  
 

2015 Wellsville North Alternative Forecast Volumes 
To develop traffic forecasts for this scenario, the same intermodal trip generation assumptions 
were applied that were used for the 2015 Gardner IMF Operations scenario, resulting in nearly 
3,500 vpd, including 335 during the a.m. peak hour and 222 during the p.m. peak hour. Traffic 
was distributed and assigned to the network using the same methodology used for the 2015 
Gardner IMF Operations scenario (Appendix A).  

 
The resulting 2015 Wellsville North Alternative ADT volumes and peak-hour turning-movement 
volumes are shown in Figures 3-33 and 3-34.  The volumes are rounded, reflecting that they are 
forecasts.  Peak hour truck percentages are illustrated in Appendix C. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2015 Wellsville North Alternative Geometry Assumptions 
For purposes of analyses of the Wellsville North Alternative, it was assumed that certain 
improvements would be necessary to be able to accommodate construction and operation of an 
IMF at the Wellsville site (similar to the 2010 scenario).  These assumptions include upgrading 
both Evening Star Road and 207th Street to provide needed pavement sections and widths to 
support the intermodal truck traffic.  In addition, improvements at Intersections 8 and 9 were 
assumed to be constructed without the IMF (“Improved No Action”). 
 
2015 Wellsville North Alternative Intersection Analysis 
Table 3-33 summarizes the results of the intersection analysis for this scenario, in comparison to 
the Wellsville North No Action scenario.  Detailed intersection analysis sheets for the Future 
Wellsville North Alternative IMF Operations scenarios are presented in Appendix G.  As the table 
indicates, the eastbound approach to Intersection 29 (I-35 Northbound Ramps/Sunflower Road) 
is forecasted to operate at LOS E during the a.m. peak hour.  Potential mitigation measures to 
address this significant impact are discussed in the Mitigation Technical Report (HDR, 2008c).   
 
2015 Wellsville North Alternative Freeway/Ramp Analysis 
The 2015 Wellsville North Alternative freeway analysis assumes the forecasted volumes 
presented in Figure 3-34 and the current mainline and ramp geometry.  The resulting operational 
analysis (for both mainline and ramp junctions) is summarized in Table 3-34 (Detailed freeway 
facility analysis sheets for the Future Wellsville North Alternative IMF Operations scenarios are 
presented in Appendix G).  As the table indicates, all locations are forecasted to operate at an 
acceptable LOS of D or better during both peak hours.  Therefore, the Wellsville North Alternative 
is not anticipated to impact freeway segments or ramps. 

Figure 3-33:  2015 Wellsville North Alternative ADTs 
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Figure 3-34:  2015 Wellsville North Alternative Turning Movement Volumes 
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Table 3-33:  2015 Wellsville North Improved No Action and Alternative Study Intersection Analysis 

 
   Improved No Action Analysis Wellsville North Alternative Analysis 
   AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd AWSC 15.1 C 12.3 B 15.3 C 12.3 B 
2 US 56/ Gardner Rd Signalized 24.9 C 27.1 C 36.7 D 30.7 C 
8 I-35 SB Ramps/ US 56 Signalized 13.5 B 16.7 B 16.9 B 34.8 C 
9 I-35 NB Ramps/ US 56 Signalized 12.2 B 7.0 A 14.5 B 8.4 A 

11 US 56/ Waverly Rd TWSC 16.1 (NB) C 13.0 (SB) B 16.5 (NB) C 13.2 (SB) B 
13 183rd St/ US 56 TWSC 14.2 (EB) B 14.5 (WB) B 14.7 (EB) B 14.8 (WB) B 
16 US 56/ Four Corners Rd TWSC 13.3 (NB) B 13.8 (NB) B 14.2 (NB) B 13.7 (NB) B 
17 191st St/ US 56 TWSC 13.7 (EB) B 14.5 (WB) B 14.4 (EB) B 14.8 (WB) B 
24 US 56/ Sunflower Rd TWSC 17.2 (NW) C 18.9 (NW) C 19.3 (NW) C 20.4 (NW) C 
25 US 56/ E 4th St OWSC 14.6 (NB) B 19.0 (NB) C 15.4 (NB) C 19.7 (NB) C 
28 I-35 SB Ramps & Sunflower 

Rd OWSC 9.4 (WB) A 12.2 (WB) B 10.6 (wb) B 16.7 (WB) C 
29 I-35 NB Ramps & Sunflower 

Rd OWSC 23.0 (EB) C 12.0 (EB) B 48.1 (EB) E 16.0 (EB) C 
31 199th & Edgerton TWSC 14.3 (SB) B 13.8 (SB) B 16.6 (SB) C 14.5 (SB) B 
32 207th & Sunflower TWSC 12.9 (WB) B 13.8 (WB) B 28.1 (WB) D 28.1 (WB) D 
33 207th & Co-op Road OWSC 9.6 (SB) A 9.6 (SB) A 12.4 (SB) B 11.4 (SB) B 
34 207th & Edgerton AWSC 7.8 A 7.4 A 11.9 B 11.1 B 
35 207th & Evening Star OWSC 8.4 (NB) A 8.9 (NB) A 11.4 (NB) B 11.1 (NB) B 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 14.1 (SB) B 13.0 (SB) B 

Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 

 
Table 3-34:  2015 Wellsville North Alternative Freeway/Ramp Analysis 

 
   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 

(pc/mi/ln) 
LOS 

Density 
(pc/mi/ln

) 
LOS 

Basic Freeway Segments 
I-35 NB      

 
Edgerton to Sunflower 2 10.9 A 6.8 A 
Sunflower to Waverly 2 14.1 B 7.9 A 
Gardner to US 56 2 19.9 C 10.7 A 

I-35 SB      

 
US 56 to Gardner 2 6.8 A 21.4 C 
Waverly to Sunflower 2 5.5 A 16 B 
Sunflower to Edgerton 2 4.9 A 12.9 B 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 10.1 B 5.3 A 
Sunflower Road On N/A 15.7 B 9.0 A 
Gardner Road Off N/A 14 B 6.6 A 
Gardner Road On N/A 22.6 C 11.5 B 

I-35 SB      

 

Gardner Road Off N/A 5.3 A 22.7 C 
Gardner Road On N/A 6.5 A 18.1 B 
Sunflower Road Off N/A 3.6 A 16.3 B 
Sunflower Road On N/A 5.8 A 14.4 B 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service.
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3.5.3 2030 Wellsville North No Action 
 

2030 Wellsville North No Action Forecast Volumes 
Like the 2030 Gardner No Action scenario, the 2030 Wellsville North No Action scenario is a 
long-term scenario for comparing No Action and Wellsville North Alternative conditions based on 
a 20-year time horizon from opening year.  The forecasts developed for this scenario were 
developed using a combination of the Olathe regional travel demand model (at its southwestern 
fringe), growth factors, and known growth 
plans in Edgerton. The assumptions and 
the forecasting process are presented in 
detail in Appendix A. 
 
As in the 2030 Gardner scenarios, the 
majority of the study segments are 
projected to experience appreciable traffic 
growth in the 2030 Wellsville North No 
Action scenario.  Figure 3-35 illustrates the 
forecasted ADTs for this scenario; Figure 
3-36 illustrates the forecasted turning 
movements. Peak hour truck percentages 
are illustrated in Appendix C. 

 
2030 Wellsville North No Action Geometry 
Assumptions 
In addition to the improvements included in 
the 2030 Gardner No Action scenario, the Wellsville North No Action roadway network geometry 
includes a number of assumed enhancements to attempt to provide sufficient capacity for the 
projected 2030 No Action traffic.  This includes signalization of both I-35/Sunflower Road ramps 
(Intersections #28 and 29) and conversion of intersection #31 (199th Street/Edgerton Road) to all-
way stop control. 
 
2030 Wellsville North No Action Intersection Analysis 
The intersection analysis is summarized in Table 3-35.  As the table indicates, two intersections 
are forecasted to operate at LOS E or worse under this scenario: 

 
• Intersection #8 (I-35 Southbound Ramps/US 56): As in the Gardner No Action 

scenario, this intersection is projected to operate at LOS F during both peak hours.  
As described under the Gardner No Action scenario, the forecasts indicate that US 
56 will need to be widened to three basic lanes in each direction by 2030. 

• Intersection #32 (207th Street/Sunflower Road): The westbound approach is 
forecasted to operate at LOS E during both peak hours.  The failing movement (left 
turns) is too small (five vehicles or less) to warrant improvements. 

These long-term potential impacts are not related to an IMF at the Wellsville site. 

2030 Wellsville North No Action Freeway/Ramp Analysis  
The operational analysis (for both mainline and ramp junctions) is summarized in Table 3-36. As 
the table indicates, all locations are forecasted to operate at an acceptable LOS of D or better 
during both peak hours. 

Figure 3-35:  2030 Wellsville North No Action ADTs 
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Figure 3-36:  2030 Wellsville North No Action Turning Movement Volumes 
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Table 3-36:  2030 Wellsville North No Action Freeway/Ramp Analysis 

 
   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 
(pc/mi/ln

) 

LO
S 

Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments 
I-35 NB      

 

Edgerton to Sunflower 2 19.9 C 11.8 B 
Sunflower to Waverly 2 24.5 C 13.4 B 
Waverly to Gardner 3 17.9 B 11.2 B 
Gardner to US 56 3 24.1 C 15.5 B 

I-35 SB      

 

US 56 to Gardner 3 12.8 B 26.5 D 
Gardner to Waverly 3 9.3 A 19.2 C 
Waverly to Sunflower 2 11 B 28 D 
Sunflower to Edgerton 2 10.4 A 23.2 C 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 21 C 11.3 B 
Sunflower Road On N/A 26.5 C 14.9 B 
Waverly Road Off N/A 26.1 C 13.2 B 
Waverly Road On N/A 19.9 B 13.0 B 
Gardner Road Off N/A 19.3 B 11.7 B 
Gardner Road On N/A 28.5 D 19.0 B 

I-35 SB      

 

Gardner Road Off N/A 15.1 B 29.5 D 
Gardner Road On N/A 10.0 B 20.5 C 
Waverly Road Off N/A 10.0 A 21.1 C 
Waverly Road On N/A 12.2 B 29.3 D 
Sunflower Road Off N/A 10.3 B 29.3 D 
Sunflower Road On N/A 11.7 B 25.3 C 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                           
 Table 3-35:   2030 Wellsville North Improved No Action Study Intersection Analysis 

 

   AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd Signalized 19.0 B 15.4 B 
2 US 56/ Gardner Rd Signalized 29.1 C 27.2 C 
8 I-35 SB Ramps/ US 56 Signalized 119.3 F 184.3 F 
9 I-35 NB Ramps/ US 56 Signalized 21.0 C 12.5 B 

11 US 56/ Waverly Rd Signalized 25.8 C 34 C 
13 183rd St/ US 56 TWSC 12.4 (WB) B 13.4 (EB) B 
16 US 56/ Four Corners Rd TWSC 15.8 (SB) C 18.2 (NB) C 
17 191st St/ US 56 TWSC 11.0 (EB) B 11.4 (EB) B 
24 US 56/ Sunflower Rd Signalized 19.0 B 19.3 B 
25 US 56/ E 4th St Signalized 10.9 B 11.7 B 
28 I-35 SB Ramps & Sunflower Rd Signalized 9.4 A 25.9 C 
29 I-35 NB Ramps & Sunflower Rd Signalized 14.4 B 8.9 A 
31 199th & Edgerton AWSC 18.2 C 21.6 C 
32 207th & Sunflower TWSC 28.7 (WB) D 39.7 (WB) E 
33 207th & Co-op Road OWSC 12.3 (SB) B 11.7 (SB) B 
34 207th & Edgerton AWSC 9.2 A 9.0 A 
35 207th & Evening Star OWSC 8.4 (NB) A 8.8 (NB) A 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 
Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – 
Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
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3.5.4 2030 Wellsville North Alternative 
 

2030 Wellsville North Alternative Forecast Volumes 
Since essentially the entire study area is outside the OTM, an alternative methodology was used 
to assign the traffic from the Wellsville North Alternative to the surrounding roadway network.  
The methodology, described in more detail in Appendix A, involved the use of the TRAFFIX 
software and the development of paths and distribution assumptions based on knowledge of 
existing and expected travel patterns in the study area. 
 
The resulting 2030 Wellsville North Alternative ADT volumes and peak-hour turning movement 
volumes are illustrated in Figures 3-37 and 3-38. The peak hour truck percentages are presented 
in Appendix C. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2030 Wellsville North Alternative Geometry Assumptions 

 
In addition to the improvements included in the 2030 Gardner No Action scenario, the Wellsville 
North Alternative roadway network geometry assumptions include a number of enhancements to 
attempt to provide sufficient capacity for the projected 2030 Wellsville North Alternative traffic.  
This includes signalization of both I-35/Sunflower Road ramps (Intersections #28 and 29) and 
conversion of intersection #31 (199th Street/Edgerton Road) to all-way stop control (all part of the 
No Action Scenario), in addition to upgrades to Evening Star Road and 207th Street to provide 
needed pavement sections and widths to support IMF truck traffic. 

 

Figure 3-37:  2030 Wellsville North Alternative ADTs 
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Figure 3-38:  2030 Wellsville North Alternative Turning Movement Volumes 
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2030 Wellsville North Alternative Intersection Analysis 
The results of the 2030 Wellsville North Alternative intersection analysis are shown in Table 3-37.  
Intersections #8 and #32 were predicted to operate at unsatisfactory levels under the No Action 
scenario and would also operate at unsatisfactory LOS F with the Wellsville North Alternative.  
Intersection #8 (I-35 Southbound Ramps/US 56) is projected to operate at LOS F during both 
peak hours.  Given that the forecasted delay increases are modest, this condition could be 
improved to acceptable levels by improvements needed with the No Action scenario. The 
eastbound and westbound approaches at Intersection #32 (207th Street/Sunflower Road) are also 
forecasted to operate at LOS F during both peak hours.  As with the No Action scenario, the 
failing left turn movements are too small (five vehicles or less) to be considered a significant 
impact of the project.   

As Table 3-37 indicates, four other study intersections are forecasted to operate unacceptably 
under this scenario: 

 
• Intersection #28 (I-35 Southbound Ramps/Sunflower Road):  This intersection is 

projected to operate at LOS F during the p.m. peak hour.   

• Intersection #29 (I-35 Northbound Ramps/Sunflower Road): This intersection is 
projected to operate at LOS F during the a.m. peak hour.   

• Intersection #34 (207th Street/Edgerton Road): This intersection is forecasted to 
operate at LOS E during the a.m. peak hour.   

• Intersection #36 (215th Street/Evening Star Road): The southbound approach is 
forecasted to operate at LOS E during the a.m. peak hour.  Reconfiguring the 
intersection to make this a free movement would eliminate the operational issue.  

 Impacts to Intersection #28 and Intersection #29 would be considered significant should they 
occur as they are located on state or major routes.  Potential mitigation measures are discussed 
in the Mitigation Technical Report (HDR, 2008c).  However, impacts to Intersection #34 and 
Intersection #36 would be considered moderate should they occur, and would not require project-
related mitigation.  
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Table 3-38:  2030 Wellsville North Alternative Freeway/Ramp Analysis 

 
   AM Peak Hour PM Peak Hour 

 Location Lanes 
Density 
(pc/mi/ln

) 

LO
S 

Density 
(pc/mi/ln) 

LOS 

Basic Freeway Segments 
I-35 NB      

 

Edgerton to Sunflower 2 20.0 C 12.1 B 
Sunflower to Waverly 2 27.5 D 13.5 B 
Waverly to Gardner 3 19.4 C 12.3 B 
Gardner to US 56 3 25.9 C 16.7 B 

I-35 SB      

 

US 56 to Gardner 3 14.0 B 28.5 D 
Gardner to Waverly 3 10.4 A 20.6 C 
Waverly to Sunflower 2 12.8 B 31.2 D 
Sunflower to Edgerton 2 10.5 A 23.0 C 

Ramp Merge/Diverge     
I-35 NB      

 

Sunflower Road Off N/A 21.1 C 11.6 B 
Sunflower Road On N/A 30.2 D 16.2 B 
Waverly Road Off N/A 28.9 D 13.3 B 
Waverly Road On N/A 21.3 C 13.1 B 
Gardner Road Off N/A 20.8 C 13.0 B 
Gardner Road On N/A 30.0 D 20.1 C 

I-35 SB      

 

Gardner Road Off N/A 16.3 B 30.6 D 
Gardner Road On N/A 11.1 B 21.7 C 
Waverly Road Off N/A 11.3 B 22.4 C 
Waverly Road On N/A 14.0 B 31.5 D 
Sunflower Road Off N/A 12.5 B 31.7 D 
Sunflower Road On N/A 12.1 B 25.6 C 

Notes: pc/mi/ln – passenger cars per mile per lane, LOS – Level of Service.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
2030 Wellsville North Alternative Freeway/Ramp Analysis  
The resulting analysis (for both mainline and ramp junctions) is summarized in Table 3-38.  As 
the table indicates, all locations are forecasted to operate at an acceptable LOS of D or better 
during both peak hours.  Therefore, only minor impacts are anticipated. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                                                                                           
Table 3-37:   2030 Wellsville North Improved No Action and Alternative Study Intersection Analysis 

 
  Improved No Action Wellsville North Alternative 
   AM Peak Hour PM Peak Hour AM Peak Hour PM Peak Hour 
 

Location 
Traffic 
Control 

Delay 
(sec/veh) LOS

Delay 
(sec/veh) LOS

Delay 
(sec/veh) LOS 

Delay 
(sec/veh) LOS 

1 175th St/ Waverly Rd Signalized 19.0 B 15.4 B 18.8 B 14.8 B 
2 US 56/ Gardner Rd Signalized 29.1 C 27.2 C 29.6 C 31.6 C 
8 I-35 SB Ramps/ US 56 Signalized 119.3 F 184.3 F 120.2 F 186.5 F 
9 I-35 NB Ramps/ US 56 Signalized 21.0 C 12.5 B 21.1 C 12.9 B 

11 US 56/ Waverly Rd Signalized 25.8 C 34.0 C 25.8 C 35.2 D 
13 183rd St/ US 56 TWSC 12.4 (WB) B 13.4 (EB) B 13.6 (WB) B 13.6 (EB) B 
16 US 56/ Four Corners Rd TWSC 15.8 (SB) C 18.2 (NB) C 18.1 (SB) C 18.8 (NB) C 
17 191st St/ US 56 TWSC 11.0 (EB) B 11.4 (EB) B 11.9 (EB) B 11.6 (EB) B 
24 US 56/ Sunflower Rd Signalized 19.0 B 19.3 B 23.7 C 24.1 C 
25 US 56/ E 4th St Signalized 10.9 B 11.7 B 13.6 B 11.6 B 
28 I-35 SB Ramps/Sunflower Rd Signalized 9.4 A 25.9 C 17.1 B 150.7 F 
29 I-35 NB Ramps/Sunflower Rd Signalized 14.4 B 8.9 A 87.9 F 13.1 B 
31 199th & Edgerton AWSC 18.2 C 21.6 C 27.0 D 24.1 C 
32 207th & Sunflower TWSC 28.7 (WB) D 39.7 (WB) E 80.9 (EB) F 908.5 (WB) F 
33 207th & Co-op Road OWSC 12.3 (SB) B 11.7 (SB) B 23.0 (SB) C 18.2 (SB) C 
34 207th & Edgerton AWSC 9.2 A 9.0 A 48.8 E 32.2 D 
35 207th & Evening Star OWSC 8.4 (NB) A 8.8 (NB) A 16.6 (NB) C 14.4 (NB) B 
36 215th & Evening Star OWSC 8.5 (SB) A 8.5 (SB) A 41.6 (SB) E 23.4 (SB) C 
Notes: TWSC – Two-way STOP control, OWSC – One-way STOP control, AWSC – All-way STOP control, LOS – Level of Service. 
Bold indicates a LOS below the acceptable threshold. 
For one and two-way STOP-controlled intersections the delay and LOS for the worst approach is shown. 
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3.5.5 Transit 
 

No Action  
In the No Action scenario, no new transit service is expected to be provided to the Wellsville 
North Alternative project site in either the short or long-term.  However, the Regional Transit Plan 
(Smart Moves) includes long-term plans for extending-peak period bus service to the City of 
Edgerton.   
 
Wellsville North Alternative 
As with the Gardner project site, two types of potential transit service impacts are evaluated here: 
1) increased demands on existing or planned service; and 2) demands for new service to serve 
the Wellsville North Alternative. 
 
None of the employees are expected to use bus transit service on opening day as there is 
currently no transit service in the vicinity of the site.  In the future, if the transit plans envisioned 
for the area are implemented, the peak-period service would extend south on US 56 to Edgerton, 
but it would be unlikely to serve the intermodal site directly.  It may also have limited (or no) 
frequency, especially during the off-peak intermodal shift-change periods.  
 
As described for the Proposed Action, the demand on any transit service related to an intermodal 
site associated with the Wellsville North Alternative is expected to be minimal. One reason for this 
is that the off-peak, two-shift/three-shift nature of the work would make using transit for both trip 
ends difficult.  For example, approximately 80 percent of the employees are expected to work a 
12-hour two-shift schedule with employees either starting or ending a shift at 7:00 p.m., a time 
period that typically has low-frequency bus service in low-density areas.  In addition, the lack of 
regional service coinciding with the shift-change peaks would make it impractical for many 
employees to use transit.   
 
In addition to the issues of shift-change schedules, bus routes/frequencies, and stop locations, 
there is the larger issue of overall demand and the provision of bus service to a low-density 
employment site.  The intermodal site would have a low employment density with approximately 
70 local employees on site during any one shift in 2010 (135 in 2030).  This would result in an 
employment density of approximately one employee per 7.0 acres in 2010 and one employee per 
3.5 acres in 2030.  These employment densities are not typically consistent with the provision of 
regular scheduled bus service.  In fact, service to these types of sites can have considerable cost, 
travel time, and delay implications for the service provider and other riders. 
 
Therefore, as outlined above, no impacts are expected to the current or proposed transit service 
due to increased demand and no significant demand for new bus service is anticipated.   
 
3.5.6 Pedestrian/Bicycle 

 
No Action 
In the No Action scenario, there are no major known planned changes to the pedestrian and 
bicycle facilities in the vicinity of the Wellsville North project site (including sidewalks, trails, or 
bike routes/paths). 

 
Wellsville North Alternative 
As with the Gardner project site, in the near term, pedestrian traffic to and from the Wellsville 
North Alternative project site is expected to be minimal.  The primary reason for this is the long 
walk distances between the site and most residential or retail destinations.  The nearest 
subdivision entrance is over two miles from the main gate.  Second, as outlined previously, the 
number of on-site employees would be modest (under 70 on opening day and approximately 135 
in 2030). A third reason is the off-peak two-shift/three-shift nature of the work.  As mentioned in 
the transit section, approximately 80 percent of the on-site employees would work 12-hour shifts 
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with shift changes at 7:00 a.m. and 7:00 p.m.  This would mean that employees would have to 
walk after dark during a portion of the year.   
 
Pedestrian activity may increase in the future if new development would occur within walking 
distance of the project, but given the number of employees and the nature and dispersion of the 
on-site activity, it is not expected to be a major mode of transportation related to a project at the 
site. The pedestrian activity resulting from the Wellsville North Alternative could be 
accommodated on the 8-foot shoulders that would be included in the upgrades to Evening Star 
Road and 207th Street. The provision of paved shoulders (8-foot minimum) is considered 
important given the volume of truck traffic forecasted for these roadways.   
 
Bicycle activity is expected to be minimal for the same reasons that pedestrian activity is 
expected to be minimal.  Special provision of bicycle routes or lanes is not typically necessary for 
this type of land use.  Any bicycle activity associated with the facility would be adult work-based 
trips and these trips could be accommodated on the planned paved roadways.  
 
Regarding the impact on the existing and proposed facilities, there are no existing or future 
pedestrian or bicycle facilities that would be physically impacted by the Wellsville North Alternative. 
 
3.5.7 At-Grade Rail-Highway Crossings and Delay 

 
No Action 
In the No Action Scenario, train volumes and lengths would continue to increase over time, 
leading to increased blocked times3 and increased vehicular delay at all of the at-grade highway-
rail crossing locations.  The blocked times and delay are expected to be similar to those 
presented previously in the Gardner No Action scenario. 
 
Wellsville North Alternative 
With the Wellsville North Alternative, there would have to be a number of changes to the current 
at-grade crossings in the area (see Figure 2-14).  They include from south to north: 
 

• Main Street in Wellsville – Grade-Separated 
• 223rd Street – Grade-Separated 
• 215th Street – Closed 
• Edgerton Road – Grade-Separated 
• 207th Street – Grade-Separated 
• E. Nelson Street – At-Grade 
• 199th Street – At-Grade 

 
Thus, in the Wellsville North Alternative scenario, a total of five at-grade crossings would be 
eliminated through grade separation or closure.  The remaining two at-grade crossings would 
experience increased blocked time and delay.  However, similar to the situation at Moonlight 
Road in the Proposed Action scenario, these two locations would actually have fewer trains than 
in the No Action scenario because they are located north of the site.  While the maximum delay 
time would likely increase as was shown for the Proposed Action, it is not expected that the total 
increase in average blocked time and delay would be significant (in fact, it could decrease).  
Therefore, no significant impacts are predicted.     

                                                 
 
3 Blocked time includes both the train occupancy time and the time of the flashing light or gate down.  
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Figure 3-40:  
Johnson County CARNP – Wellsville Area 

Legend 
         Type III - High Roadway (Four-Lane Rural Parkway) 
     Type II - Medium Roadway (Two-Lane Rural Major Arterial) 
     Type I - Low Roadway (Two-Lane Minor Arterial) 
 

 
3.5.8 Emergency Vehicle Access 
 
No Action 
In the No Action Scenario, emergency vehicle access routing and distances are expected to 
remain as outlined in Section 2.2.7 (Figure 2-15).  However, two future changes would affect 
emergency vehicle access: the volume of train traffic is expected to increase over time and the 
average length of those trains is expected to increase.  This would increase the potential for delay 
(and longer delays) when responding vehicles must cross railroad tracks.   
 
Wellsville North Alternative 
The construction of an IMF at Wellsville North 
would result in changes to the local roadway 
network, but these changes are not expected to 
negatively impact emergency vehicle response 
distances from either the Wellsville (W) or 
Edgerton (J3) station locations.  The main 
changes would be increased reliability of travel 
times due to additional grade separations in the 
area.  For this site, the only anticipated road 
closure would be along 215th Street between 
Evening Star Road and Edgerton Road. As the 
road network in this area is a grid system, there 
are other roads that can be used instead of this 
road, with little or no effect on travel distance.  
Figure 3-39 shows the emergency vehicle 
response distances for both stations with the 
closed portion of 215th Street eliminated. There 
is essentially no difference between these 
response distances and the No Action response 
distances.  
 
With the new grade separations, both stations could serve either side of the BNSF mainline 
without crossing rail lines at-grade, and emergency vehicle response impacts would be 
considered minor. 

 
3.5.9 Circulation System 

 
No Action 
In the No Action Scenario, the local and 
regional connectivity in the vicinity of the 
Wellsville North Alternative would remain similar 
to what it is today, with a few exceptions.  The 
exceptions include the following: 
 

1. Development will continue in the area.  
This will include more dense 
development in the areas with water 
and sewer service. 

2. Railroad traffic will continue to increase 
(as outlined previously), leading to 
increased potential for delay at 
mainline railroad crossings. 

 

 
Figure 3-39: 

Distance from Emergency Response 
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There are no major new highways or interchanges currently planned or funded in the immediate 
vicinity of the Wellsville North project site that have been deemed reasonably foreseeable.  
However, the Johnson County CARNP shows a new grade-separated access point on I-35 at 
Edgerton Road (refer to Figure 3-40).  This would improve regional connectivity in the long-term if 
implemented. The CARNP also shows upgrades to Edgerton Road (to the north) and Sunflower 
Road (to the south).  Specifically, Edgerton Road is shown as a four-lane rural parkway (Type III 
– High Roadway) north of I-35.  South of I-35, Sunflower Road is proposed as a two-lane rural 
major arterial (Type II – Medium Roadway).  207th Street and Sunflower Road north of I-35 are 
shown as two-lane minor arterials (Type I – Low Roadway). 
 
Overall, few reasonably foreseeable major changes to the local circulation patterns are expected 
in the vicinity of the Wellsville North project site, though the existing local highways may be 
improved to provide enhancements to existing connections. 
 
Wellsville North Alternative 
With the Wellsville North Alternative, the circulation in the vicinity of the site would be changed 
somewhat due to the closure of 215th Street (between Evening Star Road and Edgerton Road).  
However, given the current (and expected future) low traffic volume on this section of roadway – 
the 2005 ADT was approximately 30 vehicles – this closure is not anticipated to substantially 
change local circulation and connectivity.  It was also assumed that roadways west of the 
Wellsville North Alternative site (such as 215th Street west of Evening Star Road) would remain 
gravel and would not be available for commercial truck use.   
 
3.5.10 Roadway Design Considerations 
 
No Action 
In the No Action Scenario, the highway system could be expected to continue to evolve in a 
manner consistent with past trends.  This would include periodic roadway upgrades as needed, 
that meet the then current state and local roadway design standards.  Some of these 
improvements may be initiated by public agencies and some by private developments. In the 
immediate vicinity of the IMF, there are few currently planned highway design improvements.  As 
outlined under Circulation System above, long-term improvements are being considered for 
Edgerton Road including a possible new interchange on I-35.        
 
Wellsville North Alternative and Future IMF Operations 
With the Wellsville North Alternative, a number of the local roads would need to be upgraded.  
This would likely include upgrades to Evening Star Road, 207th Street, and Sunflower Road; also, 
207th Street would include grade-separated crossings over the BNSF tracks. These roads would 
be designed to meet applicable state and local standard and, including pavement depth and type 
appropriate for the projected auto and truck traffic.  In all Wellsville North Scenarios (2010, 2015, 
and 2030), the vast majority of IMF trucks are forecasted to use these roadways to travel to and 
from I-35.  Therefore, roadway design issues related to the project would be minimal for these 
scenarios. 
 
3.5.11 Construction Traffic 
 
Construction of the Wellsville North Alternative, including related infrastructure, would occur over 
a period of 18 to 22 months.  Major road and bridge construction would potentially be completed 
in the first 12 months.  Construction staging areas would mainly be on site, though some off-site 
areas may be used related to the roadway and bridge construction. Access to all homes and 
properties along the affected roadways would be maintained during construction and is 
considered a minor impact.   
 
Construction could affect local residents due to short-term or partial road and railroad crossing 
closures as well as the effects of construction traffic to and from the site. Major access to the 
Wellsville North site during construction would likely be the same as during normal operations.  
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Therefore, any traffic impacts would likely be along the same access corridor of Sunflower Road, 
207th Street, and Evening Star Road.  The primary expected types of traffic include construction 
employee traffic, equipment/supply traffic, and material hauling traffic.  However, it is not currently 
known how much construction traffic in each category would be generated by the Wellsville North 
Alternative. A traffic management plan should be developed in conjunction with the local 
communities and counties as part of the development of construction phasing and 
implementation plans. 

 
3.6 Indirect Effects – Future Wellsville North IMF Operations plus Induced Development 
  
It is unclear what or how much new traffic-generating development would be induced if the Wellsville 
North Alternative were implemented. There are no current plans to develop a warehousing facility in the 
vicinity of the Wellsville North Alternative.  However, if an IMF were sited at Wellsville North, it is likely that 
a certain amount of warehousing or other industrial development would be induced by the IMF operation.  
It is also possible that an IMF sited in the Wellsville North development area could induce commercial 
land use, such as convenience stores, gas stations, and restaurants; however, no information exists as to 
the nature and location of such development.  Given this uncertainty, it is difficult to project specific future 
traffic flows or impacts.  This applies to intersection/roadway capacity, freeway facility capacity, and also 
general roadway circulation and access. 
 
The amount of induced development in the area surrounding the Wellsville North Alternative cannot be 
quantified.  However, it is reasonable to conclude that any substantial induced development in this area 
could cause some of the low-capacity rural intersections and roadways in the area to need further 
improvements.  This could include improvements to the I-35/Sunflower Road interchange and additional 
improvements along 207th Street.  
 
In addition, because the induced development surrounding the Wellsville North Alternative cannot be 
quantified, it is not possible to quantitatively assess indirect effects in the areas of transit use or service, 
pedestrian/bicycle activity or facilities, at-grade rail-crossing volumes or delay, or emergency vehicle 
access.  Even qualitative assessments would be speculative without some level of information regarding 
the type, size, and location of induced development. 
 
4.0 POTENTIAL MITIGATION MEASURES 
 
4.1 Gardner 
 
Mitigation measures are discussed in the Mitigation Technical Report (HDR, 2008c).   
 
4.2 Wellsville North 
 
Mitigation measures are discussed in the Mitigation Technical Report (HDR, 2008c).   
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Appendix A - Methodology 
 
The traffic analysis methodology employed for this study is based on widely accepted traffic engineering 
approaches and procedures.  The methodology was presented to Federal, state and local agency staff for 
their review and concurrence.  One methodology presentation was given on November 30, 2007.  A 
second presentation (highlighting the additional analysis for the Wellsville North Alternative) was given on 
February 8, 2008.  In addition to these NEPA methodology presentations, there were many methodology 
meetings and discussions that preceded the current NEPA traffic analysis.  These discussions took place 
over the course of the previous 16 months in conjunction with the I-35 Break-In-Access Study near 
Gardner, KS.  During these meetings, a variety of traffic forecasting and analysis methods were 
presented, discussed, and agreed upon. Some of these applied directly to the NEPA analysis work that 
followed. 
 
This appendix provides a summary of key study methodologies in six main topical areas: 
 

1. Study Area and Study Facility Identification 
2. No Action Traffic Forecasts 
3. Gardner Proposed Action and Future Gardner IMF Operations Traffic Forecasts 
4. Gardner IMF Operations + Induced Development Traffic Forecasts 
5. Wellsville North Alternative Traffic Forecasts 
6. Traffic Operations Analysis Methods 

Study Area and Study Facility Identification 

 
In late 2006 / early 2007 a Traffic Forecasting 
Focus Area was defined as part of the I-35 
Break-in-Access Study (BIA).  This Focus Area 
was set through a consensus process that 
involved the critical Federal, state, and local 
agencies.  The Traffic Forecasting Focus Area is 
shown in Figure A1.  It was determined that this 
Focus Area addressed an area more than 
adequate for capturing the potential NEPA traffic 
impacts of the Proposed Action.  Therefore, this 
proposed Gardner traffic study area and a set of 
specific highway facilities within the study area 
were presented to the agencies and received 
their concurrence for inclusion in the NEPA 
traffic analysis methodology.   
 
The facilities addressed in the analysis included 
critical intersections, freeway ramps, and freeway mainline sections in the Gardner traffic study area as 
displayed in the body of the report.  The study intersections included major intersections along arterials 
and collectors that could be impacted by the proposed project (e.g. US 56, Gardner Road, and 199th 
Street) as well as some more remote intersections that were deemed important. The only adjustment 
made to the study facilities between the BIA meetings and the NEPA documentation was that the 
Sunflower Interchange and freeway segments to the south were not studied in the Gardner scenarios 
because they were found to attract an inconsequential amount of traffic from the Gardner IMF. 
 
For the Wellsville North Alternative, the Edgerton vicinity was added to the prior Gardner traffic study 
area.  This new area and the added intersections were shown to the resource agencies at the February 
2008 methodology meeting (see Figure A2).  To determine which of the intersections included in the 
Gardner Area should be included in the Wellsville North analysis, a threshold of 10 peak-hour project trips 
and a two percent increase in peak hour traffic (by movement) was applied to each intersection.  
Intersections that did not meet this minimum threshold during at least one peak hour were not examined 
in detail for capacity purposes.  Again, the actual study intersections, ramps, and freeway sections are 
presented in the body of the report. 
 

Figure A1: I-35 BIA Traffic Forecasting Focus Area
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No Action Forecasts 
 
Existing Volumes 
Existing traffic volumes were developed 
based on recent daily and peak-period count 
data as outlined in the body of the report. 
The count data was smoothed to provide 
balance between various study intersections 
and freeway facilities. Truck volumes were 
also estimated based on the available truck 
counts in the Gardner and Wellsville North 
study areas.  These existing (2008) traffic 
volumes provided the basis for the 2010 and 
2015 No Action forecasts. 
 
2010 / 2015 No Action Forecasts (Both 
Study Areas) 
The 2010 and 2015 No Action traffic 
forecasts for both the Gardner and Wellsville 
North study areas were developed using 
growth rates and applying them to the 
baseline 2008 volumes.  Traffic growth rates 
were originally investigated during the I-35 BIA study process.  Further investigation of historical KDOT 
count data during the NEPA traffic analysis work confirmed the use of 2.8 percent as the near-term 
compounding growth rate for local, collector, and arterial roadways in both the Gardner and Wellsville 
North areas.  A near-term rate of approximately 3.2 percent was employed for I-35.  These growth rates 
were applied to all study intersections and highway links.  Traffic volumes were balanced between various 
intersection and freeway facilities taking into account access and development intensity considerations.  
Additional adjustments were made when dictated by a specific condition such as the re-alignment of 191st 
Street to connect to Gardner Road at 188th Street or a specifically known approved development such as 
the Sunflower Ridge Subdivision in Edgerton.  
 
2030 No Action Forecasts (Gardner Area Only) 
To develop the long-term 2030 traffic forecasts for the Gardner study area, a very different approach was 
employed.  For these forecasts, the City of Olathe’s computerized travel demand forecasting model was 
selected as the most appropriate platform.  The original model provided by the City of Olathe for this 
analysis covered the majority of the study area and included land-use forecasts for 2010, 2015, and 2050.  
The use of this model for projecting traffic in the Gardner area was initially presented to the appropriate 
Federal, state, and local agencies during the I-35 BIA study process.  They agreed that it was the best 
available method for developing long range forecasts for this area.  Therefore, in partnership with the 
agencies, a set of 2030 land-use and transportation network assumptions were developed for the Traffic 
Forecasting Focus Area.  These assumptions formed the basis of the 2030 No Action model runs for the 
current NEPA analysis. A summary discussion of the model, key assumptions, and other related topics is 
presented in this document.  Additional details especially regarding No Action land-uses and the 
treatment of model external stations are included in the I-35 BIA report and appendices. 
 
Forecasting Model 
The Olathe Travel Demand Model (OTM) uses the TransCAD modeling software to forecast daily and 
p.m. peak hour forecasts for a typical weekday.  The OTM covers an area about 14 miles long (north-
south) and 15 miles wide (east-west).  The approximate model limits are 87th Street/83rd Street to the 
north, Quivira Road to the east, 199th Street to the south, and Sunflower Road to the west. The model 
boundary is illustrated in Figure A3. The OTM divides the region into 782 internal Traffic Analysis Zones 
(TAZs), which allow existing and future land-use/socioeconomic information to be grouped into 
reasonably sized areas.  These TAZs are joined to the transportation network by links known as centroid 
connectors, and the OTM - through an iterative process - generates, distributes, and assigns traffic to the 
transportation network.  In addition to the 782 internal TAZs, the OTM includes 72 external zones that 
represent traffic heading in and out of the model (such as I-35 south of 191st Street). 
 

Approx. 1 mile

Added Wellsville 
study intersections 

Figure A2: Wellsville Alternative Site Vicinity and 
Study Intersections 

Initial Gardner  
study intersections 
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Land-Use Forecasts 
The Traffic Study Corridor is at the southwestern edge of the Olathe model; in fact, the Sunflower 
Interchange is outside the OTM.  Much of the area within and near the Traffic Study Corridor is in a state 
of flux regarding future land-use and transportation planning; therefore, to prepare the OTM for the 
needed analysis, the 2030 land-use and network assumptions were reviewed and refined.  Refining these 
assumptions involved extensive input from multiple agencies (Agencies), including the Kansas 
Department of Transportation (KDOT), the Federal Highway Administration (FHWA), the City of Gardner, 
the City of Edgerton, the City of Olathe, Johnson County, Miami County, and the Mid-America Regional 
Council (MARC).  Through an extensive, collaborative process, these agencies reached consensus 
regarding the 2030 land-use and network assumptions to be included in the OTM. 
 
The original Olathe model included four horizon years: 2004 (existing), 2010, 2015, and 2050.  Since 
2030 was identified by the Agencies as the desirable long-term year for traffic forecasting and impact 
analysis, a new set of land-use assumptions had to be developed for this model horizon year.  The 
process for creating the approved 2030 land-use inputs included (1) Linear interpolation between the 
OTM’s 2015 and 2050 land-use scenarios, (2) Specific inputs by the City of Gardner related to future 
growth within and near the City, and (3) extensive review and input from the remaining Agencies, 
especially Johnson County and the City of Edgerton.  The process also included manipulation of the 
OTM’s external link volumes to represent relevant expected growth beyond the OTM edges (such as 
redevelopment of the Sunflower Army Ammunition Plant site). 
 
In addition to the agency coordination described above, several comprehensive planning, land use, and 
zoning documents were obtained and reviewed to identify future land-use and transportation 
plans/assumptions within or near the Traffic Study Corridor that might affect the 2030 No Action Scenario.  
The following documents and studies were considered:  

• Miami County - Comprehensive Plan, September 2004 
• Johnson County – Comprehensive Arterial Road Network Plan (CARNP), January 1998 
• Johnson County – The Rural Comprehensive Plan, June 2004 
• Johnson County - Sunflower Army Ammunition Plan Conceptual Land Use Plan, June 1998 
• Johnson County Planning Commission - New Century AirCenter Comprehensive Compatibility 

Plan, February 1996 
• Johnson County & Tetra Tech EM, Inc. -  Sunflower Army Ammunition Plant Supplemental 

Environmental Assessment, January 2004 
• City of Olathe - 2005 Transportation Study 
• Gould Evans Goodman Associates - Lone Elm Vicinity Plan and Draft Update, June 2000 and 

February 2007 
• City of Edgerton - Comprehensive Land Use Plan, 2000 

Forecasting 
Focus Area 

Olathe 
Model 
Area 

Figure A3: Olathe Model Area 
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• City of Gardner - Comprehensive Plan, 2003 
• KDOT - K-10 Transportation Study, May 2005 
• KDOT & Johnson County – K-10 Corridor Study Update, January 2004 
• KDOT (HNTB & HDR)- K-7 Corridor Management Plan, February 2006 
• City of Olathe (HNTB) - I-35 & Lone Elm Road Interchange Environmental Assessment  
• MARC - South Metro Connector Study (ongoing) 
• KDOT (HDR) - I-35 in Gardner, KS Break In Access Study 

 
The finalized land-use scenario included adjustments to account for known major developments and 
plans in the area including: Sunflower Army Ammunition Plant, Lone Elm Plan, development at New 
Century AirCenter, and other expected growth in Gardner.  Further details regarding the approved land 
uses in the 2030 model are available in Appendix A of the I-35 BIA which includes the Land-Use and 
Traffic Forecasting Assumptions Memorandum (HDR, 2/2/07) and the September 2007 memo addendum. 
 
Model Roadway Network 
The model network was also updated to an anticipated 2030 condition. The process for creating the 2030 
No Action model network was similar to the land-use update process, involving starting from the 2050 
network as a base and working with the Agencies to gain consensus regarding appropriate additional 
modifications. Based on working with the Agencies, a number of additional improvements were included 
in the No Action Scenario.  The major additional assumed improvements are illustrated in Figure A4 and 
key assumptions are listed below.  (Some of the improvements listed below only affect the 2030 No 
Action capacity analysis and not the modeling, but they are included for context and reference.)    

 
 I-35 mainline – It is assumed that I-35 will be widened to six lanes from 151st Street to a new 

interchange in the vicinity of 199th Street and Waverly Road. 
 

 I-35/Gardner Road interchange and vicinity – The assumptions at this interchange include 
signalization of both ramp terminals, and the addition of right-turn lanes at the southbound 
ramp intersection (westbound and southbound approaches).  It is further assumed that both 
191st Street intersections with Gardner Road will be moved several hundred additional feet 
away from the interchange to provide adequate separation to facilitate traffic flow.  On the 
north side, this would tie into the current 188th Street alignment west of Gardner Road 
(including intersection signalization).   

 
 I-35 / 199th Street & Waverly Rd. Interchange Constructed – Based on input from KDOT, by 

2030 a new interchange was assumed to be constructed on I-35.  For modeling purposes, it 
was assumed that the interchange was consistent with the CARNP and was located near 
199th Street and Waverly Road.  The interchange concept used in the analysis was a simple 
diamond with ramps to 199th Street.  Waverly Road was offset and was discontinuous to the 
north and south. 

 
 K-7 – In keeping with the recommendations of the K-7 Corridor Management Plan, the 2030 

No Action scenario assumes that K-7 will be converted to a continuous freeway from Spring 
Hill north through Olathe.  This includes a new freeway-to-freeway interchange with I-35 in 
Olathe. K-7 is not near Gardner, but it is in the OTM and heavily influences regional traffic 
volume distributions.   

 
 151st Street – It is assumed in the 2030 model that 151st Street will be a four lane roadway 

from New Century Road east to I-35, continuing over the railroad tracks east of Old US 56 
where it currently is discontinuous.  

 
 167th Street – It is assumed that 167th Street will be widened from two to four lanes between 

Waverly Road and Moonlight Road. 
 

 175th Street – The “triangle” created by 175th Street, US 56, and Waverly Road presents 
challenges for traffic operations and it will continue to do so as traffic volumes increase.  The 
2030 No Action scenario assumes that the 175th Street connection to US 56 will be closed so 
that motorists traveling between 175th Street and US 56 will need to use Waverly Road. 
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Figure A4: Anticipated Major Transportation Network Improvements in the Gardner area by 2030 

 
 Gardner Road – Much of Gardner Road between US 56 and I-35 already consists of a four-

lane cross-section, but there are several areas with only two lanes.  The 2030 No Action 
scenario assumes a complete four-lane facility for this entire segment, including the widening 
of the bridge over the BNSF tracks.  

 
 Waverly Road – It is assumed that Waverly Road will be widened to four lanes between US 

56 and 167th Street. 
 
 Moonlight Road - It is assumed that Moonlight Road will be widened to four lanes between 

Santa Fe Street and 167th Street, and that the Moonlight Road/Santa Fe Street intersection 
will be relocated approximately 600 feet south to provide better separation from the BNSF 
tracks and US 56. 

 
 Local Streets – Some of the existing roads between US 56 and I-35 are currently low-volume 

gravel roadways, including Waverly Road, 191st Street, and 183rd Street.  Johnson County’s 
CARNP shows these roads as future paved facilities.  The 2030 No Action model increases 
the capacities of these roadways to reflect the CARNP recommendations.  Speeds on some 
of the local roads were also adjusted to better reflect expected 2030 conditions. 
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 Intersection Upgrades - Many of the study intersections, especially those along US 56, are 
assumed to be upgraded under the No Action scenario to attempt to provide sufficient 
capacity for the 2030 No Action volumes.   

 
The OTM includes many other assumptions regarding future improvements for the entire area covered by 
the model.  These underlying model assumptions were not changed as part of this project. 
 
2030 Volumes 
Using the above land-use and network assumptions the model was used to develop 2030 daily and p.m. 
peak hour traffic volumes in the Gardner area.  The resulting “raw” model output was then post-processed 
to develop final volumes.  This included calculating, and in many cases applying, the difference between 
the calibrated base model output and comparison traffic counts (both for links and intersections).1 This 
helped ensure that localized traffic patterns were taken into account and that under- or over-
representation of volumes were corrected. Existing truck traffic was also examined to develop balanced 
estimates of future truck volumes.  (The OTM does not forecast trucks separately from non-trucks.) It was 
assumed that background truck growth was similar to the overall traffic growth on a daily basis, but that it 
grew at approximately 75 percent of that rate during the a.m. and p.m. peak hours. The final volumes 
were then reported in figures and used in the capacity analysis.  
 
Because the Olathe model does not have an a.m. peak hour component, a process was developed to 
produce a.m. forecasts.  This involved first comparing the a.m. and p.m. peak hour data in the Gardner 
area.  This comparison revealed that the two data sets have definite reverse flow characteristics.  Many 
key movements are heavy in one direction in the a.m. peak hour and in the reverse direction in the p.m. 
peak hour.  It also revealed that the a.m. peak hour volumes were approximately 93 percent of the p.m. 
peak hour volumes overall.  Therefore, the p.m. peak hour model trip matrix (origins and destinations) 
was transposed (flipped) and factored (by approximately 0.93) to develop an estimated a.m. trip matrix.  
This a.m. trip matrix was then assigned to the 2030 network to provide 2030 a.m. peak hour “raw” model 
output.  Again, this data was adjusted based on a comparison of a base year a.m. model run (developed 
using the same process) and comparison traffic counts. Balanced truck volumes were also estimated. 
 
The final volumes were determined to be representative of the anticipated 2030 No Action peak hour and 
daily traffic flows, based on the approved land use and network assumptions.   
 
2030 No Action Forecasts (Wellsville North Area Only) 
The 2030 No Action forecasts for links and intersections in the immediate Wellsville North area were 
developed in a manner more consistent with the 2010 and 2015 forecasts. This was necessary because 
the OTM boundary is Sunflower Road in the west and 199th Street in the south. Therefore, growth rates 
were used outside the model area to project a baseline traffic increase to 2030.  Then additional 
adjustments were made to account for expected growth not included in these growth factors.  This 
included traffic growth due to the Sunflower Army Ammunition Plant, the Sunflower Ridge Subdivision, 
and new residential growth in Miami County.  Land-use planning documents and plans were again 
consulted in developing these No Action forecasts.  The resulting volumes were balanced with the 2030 
No Action volumes resulting from the model output for the Gardner area.  Again, the final balanced 
volumes were presented in figures and used in the capacity analysis. 
 
Gardner Proposed Action and Future Gardner IMF Operations Traffic Forecasts 
 
Proposed Action 
The Proposed Action is discussed in detail in Chapters 1 and 2 of the Draft Environmental Report.  For 
traffic forecasting purposes the main elements of the Proposed Action include:  
 

• Construction of a highway-rail Intermodal Facility inside the area bounded by 191st Street, US 56, 
and Waverly Road as shown in Figure A5;  

• Closure of 183rd Street between US 56 and Waverly Road (including two at-grade rail crossings);  
• Closure of Four Corners Road between US 56 and 191st Street (including two at-grade rail crossings);  

                                                 
1 For the few Gardner area intersections located outside of the model (in Edgerton) the methods described for the 
Wellsville North area analysis were used and the volumes were balanced to the nearest model intersection results. 
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• Closure of 191st Street between US 56 and Four Corners Road (including an existing at-grade rail 
crossing); 

• Discontinued use of the existing at-grade rail crossing on 199th Street a little over half a mile west 
of Four Corners Road.  

• Road improvements on 191st Street from Four Corners to Gardner Road (paved two-lanes and 
sidewalk on one side); 

• Road Improvements on Waverly Road from 191st Street to US 56 (paved two-lanes);  
• Grade separation of Waverly Road and the intermodal lead tracks, and   
• Realignment of the southern BNSF mainline track to follow the northern track alignment between 

Gardner and Edgerton.   
 

Figure A5: Proposed Action Site Plan 

 
Key aspects of site operations and access that affect the traffic analysis include: 
 
Truck Access: Inbound and outbound trucks using the Gardner IMF would primarily enter and exit via a 
common access point on 191st Street a little over a mile west of Waverly Road and about 2,000 feet east 
of the current intersection of 191st Street and Four Corners Road.  Operations would be 24 hours a day.  
Incoming trucks would initially pass through an automated gate with an average processing time of 3 
minutes. Once a truck has passed through the gate, it would be subject to additional internal processing.  
Multiple entry gates and on-site queueing storage would be provided to streamline processing and 
prevent queueing back onto the local street system.   
 
Employee Access: Employee access to the intermodal site would be separate from the truck access for 
security and operational reasons.  The main employee entrance would be on Waverly Road, 
approximately 1,500 feet south of 183rd Street.  The visitor and administration entrance would be on 191st 
Street a short distance east of the truck entrance.  All employee parking would be accommodated on site. 

Not to Scale 

Administration and Visitor  
Entrance / Exit 
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Train Volumes: BNSF anticipates that initially (in 2010) approximately six trains per day would access the 
Gardner IMF.  By 2030, it is projected that this would increase to an average of approximately 13 trains per day.  

Train Speeds: Average train speed data was provided by BNSF.  Construction of the Gardner IMF is not 
expected to substantially affect the average mainline train speeds through the area.  However, trains 
entering and departing the Gardner IMF may have slower speeds depending on location and direction.    

Train Lengths: BNSF provided average train length data for both mainline trains and trains entering and 
departing the Gardner IMF.  Average train lengths are forecasted to increase over time.  For example, in 
the scenarios with the IMF, average mainline train lengths are expected to increase from 6,500 feet in 
2010 to 7,400 feet in 2030, while the intermodal trains entering and departing the IMF are expected to 
increase from 6,850 feet in 2010 to 7,700 feet in 2030. 
 
Gardner IMF Trip Generation 
Trip generation represents the amount of traffic generated by a given project or site.  For the Gardner 
IMF, two main variables were examined to calculate the trips generated by the project: employees and 
lifts.  A lift is defined as the movement of a container either onto or off of a train. Table A1 presents the 
key variables and summarizes the daily and peak-hour trip generation rates and totals used for the 
proposed Gardner IMF for 2010, 2015, and 2030. The trip generation results are separated by trucks, 
bobtails, and non-trucks. Bobtails are trucks that are not pulling a trailer or chassis (i.e. cab only).  They 
are separated out because they have different traffic operating characteristics than trucks with trailers.   
 
The Gardner IMF truck trip generation is based on data derived from BNSF’s existing Argentine 
Intermodal Facility in Kansas City, Kansas.  It is anticipated that the intermodal component of the 
Argentine facility will be replaced by the activity in Gardner; therefore, the Argentine facility is considered 
to be a suitable model for the trip generation characteristics of the proposed facility.   There are other 
intermodal facilities in the U.S. that could be comparable, but given their locations and the types of 
markets they serve (which differ from the market served by Kansas City intermodal traffic), they were not 
considered to be as representative as the Argentine facility.  
 
Based on correlations between the reported lifts and truck trips at the existing Argentine Yard, factors 
were developed to convert annual lifts to daily and peak-hour truck volumes for the proposed Gardner 
IMF.  To develop these factors, three months of in-out gate data was considered.  During this three-month 
period, 98,809 trucks with trailers were logged either entering or leaving the yard.  Bobtails use a 
separate gate and are not logged. A matching analysis was conducted on the reported gate data and it 
was determined that approximately 28 percent of these in and out truck trips matched during a rolling one 
hour period as illustrated in Table A2.2 The remaining trips (72 percent) were therefore assumed to have 
bobtails serving the other (unreported) end of the trip.  
(Source: BNSF and Environ Consulting, 2007.)  This 
resulted in 169,486 one-way truck trips (trucks and 
bobtails) for the three-month period or an estimated 
677,944 one-way trips for the year.  Of these total 
one-way trips it was assumed that 59.3 percent were 
truck-trailer trips (loaded, unloaded, and bare 
chassis) and 41.7 percent were bobtails.  
 
This estimated number of trips was subsequently compared to the actual number of lifts for the year, 
which was reported as 371,539 lifts (BNSF and Environ Consulting, 2007).  This resulted in 1.064 truck 
trips per lift (empty, loaded, bare chassis) and 0.715 bobtail trips per lift.  These were therefore, the 
generalized average rates (per lift) over the course of a year.  The traffic analysis, however, evaluates 
traffic flows on a weekday and in particular it examines the flows during the morning and afternoon peak 
hours (when traffic on the roadways peaks due to area commuting patterns). 
 

                                                 
2 The one hour time period was recommended by Environ staff because the shorter time frame available (30 minutes) 
could miss too many matches and the next longer time frame available (four hours) could introduce erroneous or 
multiple matches (i.e. observing the same truck three times in a time period). 

Table A2: Three Months of Logged Matches 
at Argentine Yard Gate 

 Trucks Percent 

Logged In-Out Match (Counted Twice) 28,132 28% 

Logged Out Only (Bobtail In) 35,505 36% 

Logged In Only (Bobtail Out) 35,172 36% 

Total for 3 months 98,809 100% 
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Therefore, two weeks of recorded truck data was 
analyzed to develop a weekday factor.  A summary 
of this data is presented in Figure A6.  This analysis 
resulted in a weekday factor of 1.231 (ratio of the 5-
day average to the 7-day average).  A prior 
examination of monthly data had concluded that 
average daily lifts were fairly consistent over the 
year for which monthly data was available (Traffic 
Study of the Proposed Logistics Park in Johnson 
County, KS, HDR, 2006).   
 
The above trip rate information combined with the 
weekday factor was used to calculate an average 
daily trip rate per million annual lifts according to the 
following equation: 

 
 

Average Daily Trip Rate Per Million Annual Lifts = (trips/lift) x 1,000,000 lifts/yr x weekday factor / 365 days/yr 
 

 Daily Truck Trips Per Million Annual Lifts = 1.064 trips/lift x 1,000,000 lifts/yr x 1.231 / 365 days/yr  
~ 3588 daily truck trips per million annual lifts 

  

Daily Bobtail Trips Per Million Annual Lifts = 0.761 trips/lift x 1,000,000 lifts/yr x 1.231 / 365 days/yr  
~ 2566 daily bobtail trips per million annual lifts 

 
As indicated in Table A1, the above trip rates result in 2,554 total 
truck trips (trailers and bobtails) for the opening day scenario with 
0.415 million annual lifts. These average daily numbers were then 
adjusted to provide a.m. and p.m. peak hour trip rates through the 
use of hourly factors.  The two weeks of daily truck count data was 
again examined to estimate peak period trips as a percent of daily 
trips and to estimate in-out flows.  Data for one of the weeks is 
shown for reference in Figure A7.  Based on this analysis the 
following values were used in the study: 5.5 percent of daily for the 
a.m. peak hour (40:60 in:out split) and 6.9 percent of daily for the 
p.m. peak hour (56:44 in:out split).  The resulting trip rates are 
shown in Table A1. 
 
Non-truck (primarily employee) traffic associated with the IMF was 
estimated based on employment and shift change data provided for 
the IMF. According to current plans, IMF ramp operation employees would comprise about 80 percent of 
the workforce and would have two shift changes per day (12 hour shifts).  The remaining employees 
would have three shift changes per day (8 hour shifts).  On a daily basis, a trip rate of 2.4 trips per 
employee was assumed to account for visitor, delivery, and other mid-day traffic.  It is assumed that this 
rate also accounts for any carpooling and worker absences. Both sets of employees would change shifts 
at 7:00 a.m., therefore it was assumed that all of the 12 hour shift employees and two-thirds of the eight 
hour shift employees would arrive or depart during this hour.  This resulted in an a.m. trip rate of 0.937 
per employee.  None of the shift changes would occur during the weekday p.m. peak hour, so the table 
shows minimal non-truck trip generation during that hour.  Refer to the footnotes in Table A1 for additional 
information.  
 
Given the above trip rate calculations, the number of trips generated by the IMF was calculated for each 
analysis year.  These calculations were based on the lift count and employee data provided for each of 
those years.  In 2010, the proposed IMF is expected to employ 143 employees with approximately 
415,000 annual lifts. This is projected to generate 2,897 total daily trips on an average weekday with 273 
and 185 trips expected during the a.m. and p.m. peak hours, respectively.  In 2015, 495,000 annual lifts 
and 179 employees are forecasted for the facility leading to a commensurate increase in trip generation. 
In 2030, the Gardner IMF will have 288 employees with 870,000 lifts per year. This is projected to 
generate 6,045 daily trips on an average weekday with 563 trips during the a.m. peak hour and 388 trips 
during the p.m. peak hour.   

Hourly truck avg % - weekday

0%

2%

4%

6%

8%

10%

12%

12
am

4 8

12
pm

4 8

in out both

Figure A7: Hourly Truck Percentages 
on a Weekday 

Figure A6: Recorded Trucks by Day of Week

0

200

400

600

800

1000

1200

1400

1600

S
un

M
on

T
ue

s.

W
ed

.

T
hu

rs
.

F
ri.

S
at

.

T
ru

ck
s

w eek 1

w eek 2



Proposed Gardner Intermodal Facility   
 

Traffic Technical Report  10  
Appendix A 

 



Proposed Gardner Intermodal Facility   
 

Traffic Technical Report  11  
Appendix A 

Table A1: Trip Generation Assumptions and Results for the IMF and Induced Development 

size unit rate trips in: out in out total in: out in out total

Opening Year (2010)

Intermodal Facility
Trucks 0.415 million ann lifts 3588 1,489 196.36 40: 60 32 49 81 246.23 56: 44 57 45 102
Bobtail 0.415 million ann lifts 2566 1,065 140.454 40: 60 23 35 58 176.12 56: 44 41 32 73
Non-Trucks 143 emp 2.40 343 0.937 50: 50 67 67 134 0.072 35: 65 4 6 10
Total 2897 122 151 273 102 83 185

Induced Warehouse Development
9 Trucks 360 emp 1.31 473 0.039 46: 54 6 8 14 0.044 57: 43 9 7 16

Non-Trucks 1,842 89 8 97 60 74 134
Total 360 emp 6.43 2,315 0.308 86: 14 95 16 111 0.417 46: 54 69 81 150

Total 2010 5,212 217 167 384 171 164 335
Trucks 1,962 38 57 95 66 52 118
Bobtail 1,065 23 35 58 41 32 73
Non-Trucks 2,185 156 75 231 64 80 144

2015
Intermodal Facility

Trucks 0.495 million ann lifts 3588 1,776 196.36 40: 60 39 58 97 246.23 56: 44 68 54 122
Bobtail 0.495 million ann lifts 2566 1,270 140.454 40: 60 28 42 70 176.12 56: 44 49 38 87
Non-Trucks 179 emp 2.40 430 0.937 50: 50 84 84 168 0.072 35: 65 5 8 13
Total 3476 151 184 335 122 100 222

Induced Warehouse Development
9 Trucks 360 emp 1.31 473 0.039 46: 54 6 8 14 0.044 57: 43 9 7 16

Non-Trucks 1,842 89 8 97 60 74 134
Subtotal 360 emp 6.43 2,315 0.308 86: 14 95 16 111 0.417 46: 54 69 81 150

1 Trucks 132 emp 1.31 173 0.038 46: 54 2 3 5 0.045 57: 43 3 3 6
Non-Trucks 676 33 3 36 22 27 49
Subtotal 132 emp 6.43 849 0.311 86: 14 35 6 41 0.417 46: 54 25 30 55

10 Trucks 360 emp 1.31 473 0.039 46: 54 6 8 14 0.044 57: 43 9 7 16
Non-Trucks 1,842 89 8 97 60 74 134
Subtotal 360 emp 6.43 2,315 0.308 86: 14 95 16 111 0.417 46: 54 69 81 150

6 Trucks 366 emp 1.31 481 0.041 46: 54 7 8 15 0.044 57: 43 9 7 16
Non-Trucks 1,873 90 8 98 61 76 137
Subtotal 366 emp 6.43 2,354 0.309 86: 14 97 16 113 0.418 46: 54 70 83 153

7 Trucks 138 emp 1.31 181 0.043 46: 54 3 3 6 0.043 57: 43 3 3 6
Non-Trucks 706 34 3 37 24 28 52
Subtotal 138 emp 6.43 887 0.312 86: 14 37 6 43 0.420 46: 54 27 31 58

3 Trucks 240 emp 1.31 315 0.042 46: 54 5 5 10 0.046 57: 43 6 5 11
Non-Trucks 1,228 58 6 64 40 49 89
Subtotal 240 emp 6.43 1,543 0.308 86: 14 63 11 74 0.417 46: 54 46 54 100

2 Trucks 120 emp 1.32 158 0.042 46: 54 2 3 5 0.042 57: 43 3 2 5
Non-Trucks 614 30 2 32 20 25 45
Subtotal 120 emp 6.43 772 0.308 86: 14 32 5 37 0.417 46: 54 23 27 50

Warehouse Sub-Total 1,716 emp 11,035 454 76 530 329 387 716
Trucks 1,716 emp 2,254 31 38 69 42 34 76
Non-Trucks 8,781 423 38 461 287 353 640

Total 2015 14,511 605 260 865 451 487 938
Trucks 4,030 70 96 166 110 88 198
Bobtail 1,270 28 42 70 49 38 87
Non-Trucks 9,211 507 122 629 292 361 653

2030
Intermodal Facility

Trucks 0.870 million ann lifts 3588 3,121 196.36 40: 60 68 103 171 246.23 56: 44 120 94 214
Bobtail 0.870 million ann lifts 2566 2,233 140.454 40: 60 49 73 122 176.12 56: 44 86 67 153
Non-Trucks 288 emp 2.40 691 0.937 50: 50 135 135 270 0.072 35: 65 7 14 21
Total 6045 252 311 563 213 175 388

Induced Warehouse Development
Trucks 1,716 emp 2,254 31 38 69 42 34 76
Non-Trucks 8,781 423 38 461 287 353 640
Total 1,716 emp 11,035 454 76 530 329 387 716

Total 2030 17,080 706 387 1,093 542 562 1,104
Trucks 5,375 99 141 240 162 128 290
Bobtail 2,233 49 73 122 86 67 153
Non-Trucks 9,472 558 173 731 294 367 661

Assumptions for each category:       

Intermodal Employees - On an average weekday, it is assumed that there are approximately 2.4 non-truck trips per employee. This includes two commute trips per employee plus a 20% factor 
for deliveries, visitors, and other mid-day trips.  This number is also assumed to account for trip reductions related to carpooling and absences.  Based on expected shift-change times, very few 
employee trips are expected during the p.m. peak hour.  Therefore, it is assumed that a modest 3% of the weekday non-truck trips occur in the p.m. peak hour (or 0.072 trips per employee with 
65% exiting).  It is assumed however, that both ramp and non-ramp employees will have a shift change during the morning peak hour. This results in an a.m. peak hour trip rate of approximately 
0.937 non-truck trips per employee. Employee traffic is divided into two general shift change categories:
   - ramp operation employees (80% of workforce), with 2 shifts changing at 7 a.m. and 7 p.m.
   - remaining employees (20% of workforce), with 3 shifts changing at 7 a.m., 3 p.m. and 11:00 p.m.

Induced Warehouse Development -  Warehouse development in 2010 is 600,000 square feet.  Warehouse development in 2015 and 2030 is 2.86 million square feet. Based on available data it is 
estimated that there are 0.6. employees per 1,000 square feet. Weekday, am peak hour, and pm peak hour trip rates are based on data presented in Truck Trip Generation Study, City of 
Fontana, California, August 2003.  

PM Peak HourAve. Weekday
equiv 
rate

trips

Intermodal Daily Trucks  - Annual lifts are converted to daily (7-day average), weekday, and peak-hour truck trips through a series of conversion factors developed based on existing operations at 
the BNSF Argentine intermodal facility in Kansas City, Kansas.

AM Peak Hour
equiv 
rate

trips
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Proposed Action and 2015 Gardner IMF Operations Trip Distributions and Forecasts 
Trip distribution is the process of estimating where vehicle trips will begin and end.  For the Proposed 
Action and the 2015 Gardner IMF Operations scenarios, the new trips generated by the IMF were 
distributed as shown in Figure A8.  For non-truck traffic, the distribution was developed based on current 
traffic volumes and street classifications, local land use patterns, and the results of the 2030 Gardner IMF 
model runs.  Truck traffic was distributed based primarily on the results of a BNSF high-volume shipper 
survey for shippers at the Argentine Yard, a SmartPort metro-wide inventory of distribution centers, and 
the truck assignment in the 2030 Gardner IMF model runs. The results of the first two of these items are 
illustrated in Figure A9.  For more information on the distribution of the IMF truck traffic, please refer to the 
I-35 Break-in-Access Study – Appendix A (HDR, 2007) 
 
Based on the distributions shown, the IMF traffic was assigned to the local roadways and intersections. 
The assignment assumed that IMF trucks/bobtails were restricted from using 183rd Street between 
Waverly Road and Gardner Road.  Once the 2010 and 2015 IMF distribution and assignment were 
complete, the IMF project trips were added to the No Action traffic volumes to create the composite 2010 
Proposed Action and 2015 Gardner IMF Operations volumes as illustrated in the body of the report. 
 

Figure A8: 2010 and 2015 Gardner IMF Trip Distributions 
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Figure A9: Sources of Data for Gardner IMF Truck Trip Distribution 
 
 

 
 
2030 Gardner IMF Operations Trip Distributions and Forecasts 
For 2030, the trip generation shown in Table A1 was approximated in the OTM through the use of “proxy” 
land uses and matrix manipulation.  Because the Gardner IMF land use is unique and its trip generation 
rates do not match any of the general rates used throughout the Olathe model, land-use totals were input 
into the model to “force” the desired trip generation totals.  The subsequent origin-destination matrix was 
then further modified to approximate the trip generation total more exactly.  
 
The Olathe model was used to both distribute and assign the 2030 non-truck trips generated by the IMF.  
The distribution was a standard “gravity” model distribution, which takes into account the number of trips 
produced and attracted by different “zones” and the travel time between zones to calculate the traffic 
flows between any two zones. Once the flows are determined, the model then assigns the traffic to the 
roadway network in such a way that travel time is minimized. The model takes into account the capacity 
limitations of the road system and will assign traffic away from congested areas if that results in faster 
travel times. This process was used for all of the assumed 2030 land uses in the model. The Gardner IMF 
truck traffic however, had to be distributed differently.  
 
The current OTM does not include an explicit, separate truck component.  Instead, trucks generated by 
existing and future development are implicitly included in the vehicular volume projections.  (This is a 
standard model assumption used in many urban areas.)  This means that the model does not distribute 
truck traffic any differently than all other traffic, and it does not take into account the effects of vehicle 
equivalency factors on capacity (the fact that trucks consume roadway capacity at a higher rate than non-
trucks).  Therefore, since the Gardner IMF will generate a higher percentage of truck traffic than would 
most typical non-residential uses, if the standard gravity model approach was used to distribute and 
assign the truck traffic, it would not appropriately assess the project impacts in the Gardner Traffic Study 
Area.  First, it would be difficult to separate the truck traffic generated by the IMF from the auto traffic 
generated by the IMF. Second, because the model would distribute trucks the same way as cars, it would 
understate truck volumes on some roadways, while overstating them on others. The model would not 
assign the truck traffic in a manner consistent with its more regional and interstate origins and 
destinations.  However, development of a separate truck component for the entire OTM would be a 
significant undertaking and was well outside the scope of this study.  
 
Therefore, a third option was developed, where the 2030 truck traffic generated by the Gardner IMF was 
distributed deterministically based in part on the previously discussed truck origin-destination data from 
the Argentine Yard.  These 2030 distribution assumptions were commented on and updated as part of the 
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I-35 BIA study process.  The resulting regional 2030 IMF truck distribution is presented in Figure A10.  As 
part of this process, the truck trip generation data was combined with the origin-destination information to 
create a truck traffic matrix defining the amount of truck traffic traveling between the IMF and various 
model zones and external stations.  The model’s assignment process was then used to assign that traffic 
to the roadway system.  This allowed the model to predict which route would provide the shortest travel 
time. The assignment employed a 1.5 vehicle equivalency factor for trucks.  It also included truck 
restrictions on both 183rd Street and 191st Street between Waverly Road and Gardner Road. Overall, the 
results of the modeling approach yielded reasonable volume forecasts for considering the 2030 volumes 
and impacts of the 2030 Gardner IMF Operations truck traffic.  
 

Figure A10: 2030 Gardner IMF Truck Distribution 

 
The network used for the 2030 Gardner IMF Operations model runs was similar to the No Action network 
except in the vicinity of the Proposed Action.  As outlined above, the Proposed Action includes three 
street closures that were modeled (183rdStreet, Four Corners Road, and 191st Street).  Roadway 
capacities and speeds in the area were set at appropriate levels and the IMF driveways were located as 
shown in the site plan. In addition, model assumptions were modified with respect to train crossing 
volumes.  
 
As described above, the model assigned both auto and truck traffic to the roadway network based on an 
equilibrium process that minimizes user travel times. This final assignment provided the raw a.m., p.m., 
and daily model output which was then adjusted in the same manner as the No Action Scenario output.  
The adjusted final volumes were then presented in figures (in the body of the report) and used in the 
capacity analysis. 
 
Gardner IMF Operations + Induced Development Traffic Forecasts 
 
This section describes the traffic forecasts for the 2010, 2015, and 2030 scenarios that include the 
reasonably foreseeable induced warehouse development that would result from the Gardner IMF.   
 
Induced Development Assumptions 
Information on the potential size and location of the induced warehouse development in the vicinity of the 
Gardner IMF was provided by the Allen Group of Kansas.  Based on this information, it was assumed that 
one 600,000 square foot warehouse building would be constructed in the vicinity of the IMF by 2010 and 
that 2.86 million square feet of warehouse space would be constructed by 2015.  Based on the 
information provided by the Allen Group of Kansas, no further development was assumed to be 
reasonably foreseeable by 2030.  

Local: 
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Induced Development Trip Generation 
The auto and truck trips projected to be generated by the induced development are presented in Table A1 
for 2010, 2015, and 2030.  A number of approaches were explored for estimating the warehouse trip 
generation.  This includes a thorough review of Institute of Transportation Engineer (ITE) rates, data from 
the 2003 City of Fontana Truck Trip Generation Study, and background information from other studies.   
 
The ITE Trip Generation manual (7th Ed.) presents rates for warehouse and high-cube warehouse uses.  
However, these ITE rates did not include separate trip rates for trucks and the separation of auto and 
truck trips was deemed critical for this study. In fact, the ITE manual indicated that the Fontana study 
(actually a previous version) be consulted for truck trip rates.  In addition, a detailed examination of the 
ITE data revealed that much of the data was from 1960 through 1990 (and nearly all of the data from east 
and west coast locations).  Thus, it was not clear that the ITE data was representative of modern 
warehouse and trucking industry practices. 
 
Therefore, it was decided that the Fontana Study was the best source of recent warehouse trip 
generation information.  It also provided the necessary truck and auto trip rate information. The Fontana 
data was examined in considerable detail before being used for this study and appropriate daily, a.m. 
peak, and p.m. peak rates were employed for the analysis.  The rates used are shown in Table A1 along 
with the resulting trip volumes.  
 
Once these volumes were set, the truck flows between the warehouse development and the Gardner IMF 
were estimated for all scenarios.  Based on discussions held with the agencies during the I-35 BIA Study 
process, it was assumed that approximately 25 percent of the warehouse traffic would travel to and from 
the Gardner IMF.  These trips were assigned directly to and from the Gardner IMF site (with the duplicate 
trips eliminated). 
 
2010 and 2015 Induced Development Distribution and Final Volumes 
For 2010 and 2015, separate auto and truck trip 
distributions were assumed for the induced warehouse 
development.  The non-truck distribution was the same as 
that employed for the Gardner IMF as shown at the top of 
Figure A8.  It was developed based on local traffic 
volumes, highway classifications, local land-use, and the 
output from the 2030 Gardner IMF + Induced Development 
modeling work.   
 
Similar to the Gardner IMF truck distribution assumptions, 
the warehouse truck distribution was developed based on 
a variety of data sources.  Regional truck distribution 
assumptions were based primarily on the Goods 
Movement Element of MARC’s Transportation Outlook 
2030 Update and the U.S. Census 2002 Commodity Flow 
Survey (CFS) database.  The regional distribution resulting 
from these sources is illustrated in Figure A11. 
 
The local distribution was based on U.S. Census 
population data (for allocations within the region), local 
land-use and transportation data, and the results of the 
2030 Gardner IMF + Induced Development model runs. The specific 2010 / 2015 warehouse truck 
distribution used for the Gardner traffic study area is illustrated in Figure A12.  For more information on 
the development of the warehouse truck distribution refer to the I-35 BIA Appendix A.   
 

Figure A11: Regional Warehouse 
Trip Distribution Assumptions 
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One of the projected effects of the induced 
development is that it would change the 
distribution of Gardner IMF truck traffic.  This 
is due mainly to the interaction between the 
two developments, whereby some trucks 
travel back and forth between the IMF and the 
warehouse development instead of leaving 
the area going to and from other destinations.  
The modified IMF truck distributions are 
shown in Figure A13.  There are separate 
daily and peak hour distributions because, 
while the percentage of warehouse traffic 
related to the IMF was kept constant (at 
approximately 25 percent), the resulting 
percentage of IMF traffic was different for the 
different time periods.  
 
Once the various truck and non-truck trip distributions were set, the traffic was assigned to the local 
roadways and then added to the No Action volumes to derive final volumes for the 2010 and 2015 
Gardner IMF Operations + Induced Development Scenarios.  These volumes are presented in the body of 
the report and provided key inputs to the capacity analysis.  
 
2030 Induced Development Forecasts 
For the 2030 Gardner IMF Operations + 
Induced Development scenario, the OTM was 
again used.  This time, in addition to coding the 
Gardner IMF trips using “proxy” land uses, the 
Induced Development (warehouse) trips were 
also coded using “proxy” land uses.  Again, 
matrix manipulation was used to make sure the 
trip origins and destinations for each analysis 
period (a.m., p.m., and daily) were very close to 
what was forecasted in the trip generation step. 
 
The model network used for this analysis was 
very similar to that used for the 2030 Gardner 
IMF Operations scenario.  One change that 
was assumed was that the service road located 
north of the IMF and south of the BNSF 
mainline tracks would be connected by 2030 at 
its western end to 191st Street near Four 
Corners Road.  This provided a second 
access/egress point for development along the 
service road in this 2030 scenario.   
 
Overall, the same modeling procedure was 
used for this scenario as was used for the 2030 
Gardner IMF Operations scenario.  Autos were 
distributed and assigned by the model, while 
the commercial trucks were again assigned 
based on regional distribution assumptions.  
The regional warehouse truck traffic distribution 
was based on data from MARC and the US 
Census Bureau as discussed in the 2010 and 
2015 Induced Development Distribution and Final Volumes section.  The resulting truck distribution that 
was used to create the truck model matrix (with origins and destinations) is shown in Figure A14.  Similar 
to the 2030 Gardner IMF Operations truck distribution, these assumptions were reviewed and modified by 

Figure A13: 2010 and 2015 Gardner IMF Truck Distribution 
(With Induced Development Constructed)

Figure A12: 2010 and 2015 Induced Warehouse 
Development Truck Distribution 
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the Agencies as part of the I-35 BIA study process. The resulting model output was post processed as 
before and the final volumes were presented in the body of the report and used in the capacity analysis. 
 

Figure A14: 2030 Induced Warehouse Development Truck Distribution 
 

 
Wellsville North Alternative Traffic Forecasts 
 
Wellsville North Alternative 
The Wellsville North Alternative is described in Chapter 2 of the Draft Environmental Report.  It includes 
the following major elements in relation to traffic flow on the highway transportation system: 
 

• Improvement of Sunflower Road from I-35 to 207th Street 
• Improvement of 207th Street between Sunflower Road and Evening Star Road including 

structures and grade separation of the mainline and intermodal lead tracks and relocation of Co-
op Road. 

• Improvement of Evening Star Road for a distance of approximately 5400’ from 207th Street to the 
project site. 

• Grade Separation of Edgerton Road over the mainline and intermodal lead tracks 
• Grade Separation of 223rd/Thomas Road over the mainline tracks, intermodal leads and ladder 

tracks into the yard 
• Grade separation of Main Street in Wellsville over the mainline and intermodal lead tracks. 
• Closure of 215th Street between Edgerton Road and Wyoming Street 

 
It was assumed that site access for trucks and employees is via driveways from near the Evening Star 
Road / 215th Street intersection. 
 
Wellsville North Alternative Trip Generation 
The Wellsville North Alternative IMF was assumed to have the same trip generation characteristics as the 
Gardner IMF.  Refer to Table A1 for a summary of the IMF trip generation by year. 
 

Local: 
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Wellsville North Alternative Trip Distribution and Volume Forecasts 
The Wellsville North Alternative 
is located outside of the Olathe 
model area.  Therefore, 
standard manual traffic 
distribution and assignment 
methods were used for all three 
forecast years (2010, 2015, and 
2030) and all three time periods 
(a.m., p.m., and daily). Given 
this approach, the auto trip 
distribution assumptions for the 
Wellsville North Alternative were 
set based on existing traffic 
volumes and highway 
classifications, local land-uses 
(current and projected), and the 
results of the 2030 Gardner IMF 
Operations modeling analysis.  
The truck distribution was based 
primarily on the same shipper 
survey / distribution center 
inventory information that was 
used for the Gardner IMF.  The 
resulting auto and truck 
distributions are illustrated in 
Figure A15.   
 
The Wellsville North IMF traffic 
was deterministically assigned 
to the local roadway system. 
These assigned volumes were 
then added to the No Action 
volumes to yield the Wellsville 
North Alternative scenario 
volumes.  These volumes were 
presented in the body of the 
report and were used for the 
Wellsville North Alternative 
capacity analysis. 
 
 
 

Traffic Operations Analysis Methods 

 
The traffic analysis approach was consistent with standard traffic engineering practice and was based 
upon several methodology sources, including:  
 

• Highway Capacity Manual (HCM) – Transportation Research Board (TRB), 2000 
• Manual of Uniform Traffic Control Devices (MUTCD) – FHWA, 2003 Edition 
• A Policy on Geometric Design of Highways and Streets - AASHTO, 2004 

 
The operational analysis focused on the critical weekday a.m. and p.m. peak hours, though daily traffic 
volume data was presented as well.  For all scenarios, a peak-period capacity analysis was prepared 
based on the methods presented in the Highway Capacity Manual.  The HCM provides standard traffic 
operational analysis methods for intersections, freeways, and ramps (merge and diverge).  
 

Figure A15: Wellsville North Alternative IMF Trip Distribution
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Level of Service 
Level of Service (LOS) is the fundamental HCM parameter describing operational conditions within a 
traffic stream. LOS is an A-through-F letter ranking scale with LOS A indicating free-flow, low density, or 
nearly negligible delay conditions and LOS F indicating facility breakdown with low speeds, high 
densities, and high delay. For intersections, LOS is based on the average control delay per entering 
vehicle measured in seconds. Control delay includes not only stops at intersections, but also slower 
speeds as vehicles advance in queue or decelerate upstream of an intersection.  For signalized and all-
way stop-controlled intersections, individual approach delays as well as an overall average delay are 
calculated for each intersection.  For one and two-way stop-controlled intersections, the delay is only 
reported for non-free movements.  For freeway elements (including both segments and ramps), LOS is 
based on density, defined as the number of vehicles per mile per lane.  Table A3 shows the LOS criteria 
used in this study. The HCM methods were implemented using the Highway Capacity Software (HCS+) 
for freeways and ramps, and the Synchro Version 7 software for intersections.  
 

 
LOS Thresholds 
Based on AASHTO’s A Policy on Geometric Design of Highways and Streets, operations within a rural 
area should target a Level of Service (LOS) C or better for future conditions; for urban areas, the 
guidelines suggest a target LOS of D or better.  For this study, since many of the critical intersections are 
either in developed areas (e.g. Downtown Gardner), rapidly developing areas (e.g. I-35 / US 56 
interchange area) or in areas that are expected to develop over the 22-year planning horizon (e.g. I-35 / 
Gardner Road Interchange area), a minimum standard of LOS D was chosen, along with LOS C as a 
desirable goal.  
 
Highway-Rail At-Grade Crossing Analysis 
The central element of the Proposed Action is the construction of a rail-truck intermodal facility.  Given 
that this facility would affect both train speeds and local train routing, it was determined that an analysis of 
the highway-rail at-grade crossings was important.  A review of the available analysis tools for examining 
at-grade crossings gave mixed results.  In fact, one source stated, “Numerous methods to estimate delay 
at gated crossings have been tested, but there is no universally accepted procedure.”  Therefore, in order 
to properly investigate the change in critical operating characteristics for the various study scenarios, a 
set of detailed spreadsheets were developed.  The spreadsheets included a range of operational data 
such as train volumes, train speeds, train lengths, and highway volumes (train operational data was 
supplied by BNSF).  The data allowed for a calculation of approximate blocked time (the time the roadway 
was blocked to highway traffic).Then using a set of equations related to queuing theory, estimates were 
developed for other key parameters such as average highway vehicle delay and how many highway 
vehicles were delayed at the crossing. 
 

Table A3: Level of Service 

Level of 
Service 

Intersections  Freeways 

 
Description 

Control Delay  
(sec/veh)   

Description 

Maximum Density 
(veh/mi/ln) 

Signalized Unsignalized Mainline Ramps 

A Most vehicles do not stop ≤ 10 ≤ 10  Free flow 11 10 

B Some vehicles stop > 10 and ≤ 20 > 10 and  ≤ 15  Slight restriction to free flow 18 20 

C Significant number of stops > 20 and ≤ 35 > 15 and ≤ 25  Restrictions to free flow 26 28 

D Many stop, individual cycle 
failure > 35 and ≤ 55 > 25 and ≤  35  Noticeable restriction, 

declining speeds 35 35 

E Frequent individual cycle 
failure, at capacity > 55 and  ≤ 80 > 25 and ≤  50  No gaps in traffic, volatile 

speeds 45 >35 

F Arrival rate exceeds 
capacity > 80 Demand > 

capacity  Breakdown, large queues, 
recurring congestion >45 demand > 

capacity 
Source:  Highway Capacity Manual (HCM), 2000 
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Key Assumptions 
 
1. Factors were used to convert average daily trains (7-day average) to average weekday trains (Tuesday 
to Thursday).  The approximate factors were:  All trains: 0.96   Intermodal Trains: 0.98 

2. Through trains were assumed to be split 50 percent eastbound and 50 percent westbound over the 
course of the day. 

3. The analysis assumed two tracks at each at-grade crossing.  Currently, four of the nine roadways with 
major at-grade crossings are double-track crossings.  The remaining roadways have two separate single-
track crossings that, for analysis purposes, have an effect similar to one double-track crossing.3 In 
addition, in the Gardner IMF scenarios, the major single-track crossings would either be eliminated (183rd 
Street, Four Corners Road, and 191st Street) or consolidated into double-track crossings (Waverly Road 
and 199th Street).  

4. The roadway saturation flow was assumed to be 1,600 vehicles per hour per lane. 

5. Train flows were assumed to be uniform.  Therefore, average weekday trains divided by 24 hours 
would provide the average expected number of trains during any one hour. 

6. Through trains were assumed to occasionally pass each other, thereby reducing the total amount of 
blocked time due to all trains, but increasing the length of time for some of the individual blockages.  A 
probability was assigned to this occurrence in keeping with the expected number of trains per hour.  The 
resulting probability was low and had a minimal effect on the analysis results. 
 
Key Equations 
 
Average Blocked Time for a Single-Train Crossing Event 
Average blocked time for a single train crossing event was calculated based on the length of the train and 
the average speed of the train plus warning and gate time.  The warning and gate time was 
conservatively assumed to be 40 seconds total for each crossing.  This included the time before the train 
arrived and after the train departed from the crossing (e.g. flashing light warning time, gate closing time, 
gate down time before and after the train, and gate opening time).  The 40 seconds was added to the 
estimated time that the train was physically across the roadway to give a total “blocked time” estimate. 
 

BT = TL / TS + 40 sec 
 
BT = Average Blocked Time (sec) 
TL = Average Train Length (feet) 
TS = Average Train Speed (feet/sec) 
40 seconds is the additional warning / gate time 

 
Average Blocked Time for a Two Train Crossing Event 
In the fairly rare event of two trains passing each other across an at-grade crossing, the total blocked time 
will increase above that for a single train event.  The minimum blockage would occur if the fronts of both 
trains arrived at the crossing at the same time.  In this situation, the blockage would be the same as for a 
single train event (assuming both trains were the same length and were traveling the same speed).  The 
maximum blockage would occur when a second train arrived just as the first train finished crossing.  In 
this case the blockage would be approximately equal to two single-event blockages.  Therefore, the 
average blocked time for a two train event would be midway between these two extremes. Average 
blocked time for a two-train event was calculated as follows: 
 

BT12 = (MAX(BT1, BT2) + BT1 + BT2) / 2 
 
BT12 = Average blocked time for two trains passing each other at an at-grade crossing (sec) 
BT1 = Average blocked time for train crossing in the eastbound direction (sec) 
BT2 = Average blocked time for train crossing in the westbound direction (sec) 

 
                                                 
3 191st Street has only one single-track crossing, but the southern single-track crossing on Four Corners Road also 
affects through traffic on 191st Street so it was treated in the same manner as all of the other roadways. 
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Total Average Blocked Time Per Hour for a Crossing (min/hr)  
 
The total average blocked time per hour presents the average cumulative number of minutes each hour 
that the at-grade crossing is blocked to highway vehicles.  It is the sum of the blocked times for each of 
the possible train crossing events (single eastbound train, single westbound train, simultaneous 
eastbound and westbound trains) multiplied by the average hourly frequency of each event. 
 

BTtot = ((BT1 x T1) + (BT2 x T2) + (BT12 x T12)) / 60 sec/min 
 
BT1 = Average blocked time for train crossing in the eastbound direction (sec) 
BT2 = Average blocked time for train crossing in the westbound direction (sec) 
BT12 = Average blocked time for simultaneous train crossings in the EB and WB directions (sec) 
T1 = Expected train crossings in the eastbound direction (trains / hour) 
T2 = Expected train crossings in the westbound direction (trains / hour) 
T12 = Expected simultaneous train crossings in the eastbound and westbound direction (events / hour) 

 
Expected Train Crossing Probabilities and Expected Train Crossings Per Hour 
As outlined in the assumptions discussion, the train arrival patterns were assumed to be uniform in this 
analysis.  The one complication introduced into this assumption was that through trains in opposite 
directions could arrive at the same time.  To estimate the number of train crossing events, probabilities 
were first assigned to each. 
 

Probability of Two Trains Passing the Crossing at the Same Time  
P12 = (F1 x BT1 / (3600*24)) x (F2 x BT2 / (3600*24)) 
 
F1 = Frequency of eastbound trains (trains per day) 
F2 = Frequency of westbound trains (trains per day) 
BT1 = average blocked time for train crossing in the eastbound direction (sec) 
BT2 = average blocked time for train crossing in the westbound direction (sec) 

 
Probability of Only One Train Passing the Crossing (One Direction) 
P1 = (F1 x BT1 / (3600*24)) x (1 - (F2 x BT2 / (3600*24)))  
 
F1 = Frequency of eastbound trains (trains per day) 
F2 = Frequency of westbound trains (trains per day) 
BT1 = average blocked time for train crossing in the eastbound direction (sec) 
BT2 = average blocked time for train crossing in the westbound direction (sec) 

 
Based on the above probabilities it was possible to calculate the expected number of crossing events per 
hour for use in further analysis. 
 

Expected Two-Train Crossing Events Per Hour 
T12 = (TU1+ TU1) x (P12  / ( P1 +  P2 + (P12 x 2))) / 2 
 
TU1 = Unadjusted trains per hour (total eastbound trains / 24 hours)   
TU2 = Unadjusted trains per hour (total westbound trains / 24 hours)   
P12 = Probability of two trains passing the crossing at the same time  
P1 = Probability of eastbound train passing the crossing  
P2 = Probability of westbound train passing the crossing  

 
Expected One-Train Crossing Events Per Hour (One Direction) 
T1 = (F1 / 24) – T12 
 
F1 = Frequency of eastbound trains (trains per day) 
T12 = Expected Two-Train Crossing Events Per Hour 
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Vehicles Queued During a Blockage (not including queue clearance time) 
The number of highway vehicles that will queue in one direction during a crossing event can be 
determined based on the length of the blockage and the number of vehicles arriving on the highway in 
that direction.  For example: 
 

Q1w = BT1 x (Vw / 3600) 
 
BT1 = average blocked time for train crossing in the eastbound direction (sec) 
Vw = Highway volume in the westbound or northbound direction at the crossing 

 
Queue Clearance Time 
The time to clear the queue in one direction is related to the length of the queue, the number of arriving 
vehicles, the saturation flow, and the number of lanes.  For example: 
 

QC1w = Q1w / ((Nw x S / 3600) - (Vw / 3600)) 
 
Q1w = Vehicles queued in the westbound or northbound direction during BT1 
Nw = Number of westbound or northbound lanes on highway 
S = Saturation flow (veh/lane/hr) 
Vw = Highway volume in the westbound or northbound direction at the crossing (veh/hr) 

 
Maximum Vehicles In Queue 
The maximum vehicles in a queue as a result of a crossing being blocked are a function of the blocked 
time, the highway volume, and the queue clearance time.  For example:  
 

Q1wmax = (BT1 + QC1w) x (Vw / 3600) 
 
BT1 = average blocked time for train crossing in the eastbound direction (sec) 
QC1w = time to clear queue in the westbound or northbound direction after BT1 
Vw = Highway volume in the westbound or northbound direction at the crossing (veh/hr) 

 
Vehicles Queued or Delayed Per Hour 
The approximate number of vehicles queued (or delayed) per hour is equal to the total vehicles queued 
per crossing event multiplied by the probability of the crossing event. 
 

Q1tot = T1 x (Q1wmax + Q1emax) 
 
Q1wmax = Maximum vehicles in queue (eastbound train westbound or northbound vehicles) 
Q1emax = Maximum vehicles in queue (eastbound train eastbound or southbound vehicles) 
T1 = Expected one-train crossing events per hour (eastbound direction) 

 
To estimate the total vehicles queued (or delayed) from all trains at a crossing (Qtot), three values must be 
summed: eastbound trains, westbound trains, and simultaneous trains. 
 

Qtot = Q1tot + Q2tot + Q12tot 
 
Vehicular Crossing Delay Per Train (sec) 
The delay to vehicles per train crossing event is related to the length of the blockage, the volume of 
vehicles, the number of lanes, and saturation flow according to the following equation: 
 

D1w = (Nw x S x Vw x (BT1 / 3600)^2) / (2 x (Nw x S - Vw)) x 3600 
 
Nw = Number of westbound or northbound lanes on highway 
S = Saturation flow (veh/lane/hr) 
Vw = Highway volume in the westbound or northbound direction at the crossing (veh/hr) 
BT1 = average blocked time for train crossing in the eastbound direction (sec) 
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Expected Total Delay 
The expected total delay is the expected number of crossing events multiplied by sum of the total 
vehicular crossing delay per train.  For example: 
 

D1tot = T1 x (D1w + D1e) 
 
T1 = Expected one-train crossing events per hour (eastbound direction) 
D1w = Vehicular crossing delay per train for westbound or northbound vehicles (sec) 
D1e = Vehicular crossing delay per train for eastbound or southbound vehicles (sec) 

 
To estimate the total vehicle delay from all trains at a crossing (Dtot), three values must be summed: 
eastbound trains, westbound trains, and simultaneous trains. 
 

Dtot = D1tot + D2tot + D12tot 
 
Average Delay Per Vehicle 
The average delay per vehicle is based on the total expected delay and the number of vehicles crossing 
at that location. 
 

Dave = Dtot / (Vw + Ve) 
 
Average Blocked Time Per Train (sec) 
The average blocked time per train is related to the total blocked time at a crossing divided by the number 
of trains at the crossing. 
 

BTave = (BTtot x 60 sec/min) / ((F1 + F2) / 24 hours/day)  
 
BTtot = Total Average Blocked Time Per Hour for a Crossing (min/hr)  
F1 = Frequency of eastbound trains (trains per day) 
F2 = Frequency of westbound trains (trains per day) 

 
Average Delay Per Delayed Vehicle 
The average delay per delayed vehicle is related to the total delay at the crossing divided by the number 
of queued (or delayed) vehicles. 
 

Dd = Dtot / Qtot 
 
Dtot = Total expected delay 
Qtot = Total vehicles queued or delayed per hour 

 
 



Appendix B:
Results of Operational Analysis 

Gardner Existing Conditions 

Synchro Analysis

1. 2008 Gardner Existing Conditions 

HCS Analysis

1. 2008 Gardner Existing Conditions 



BNSF NEPA Traffic Study 2008 Gardner Existing
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 59 273 1 0 49 50 2 76 1 81 22 12
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 71 329 1 0 59 60 2 92 1 98 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 119 330 589 591 330 608 561 89
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 119 330 589 591 330 608 561 89
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.6 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 99 77 100 69 94 98
cM capacity (veh/h) 1450 1241 381 398 717 320 411 953

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 401 119 95 139
Volume Left 71 0 2 98
Volume Right 1 60 1 14
cSH 1450 1241 400 360
Volume to Capacity 0.05 0.00 0.24 0.39
Queue Length 95th (ft) 4 0 23 44
Control Delay (s) 1.7 0.0 16.8 21.1
Lane LOS A C C
Approach Delay (s) 1.7 0.0 16.8 21.1
Approach LOS C C

Intersection Summary
Average Delay 6.9
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 37 522 58 91 200 98 68 300 179 133 192 21
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3392 3179 1805 1724 1719 1807
Flt Permitted 0.90 0.65 0.61 1.00 0.30 1.00
Satd. Flow (perm) 3054 2075 1153 1724 545 1807
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 43 600 67 105 230 113 78 345 206 153 221 24
RTOR Reduction (vph) 0 16 0 0 70 0 0 31 0 0 6 0
Lane Group Flow (vph) 0 694 0 0 378 0 78 520 0 153 239 0
Heavy Vehicles (%) 3% 5% 2% 8% 9% 6% 0% 4% 4% 5% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 16.5 16.5 19.4 19.4 19.4 19.4
Effective Green, g (s) 16.5 16.5 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.35 0.35 0.41 0.41 0.41 0.41
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1059 719 470 703 222 736
v/s Ratio Prot c0.30 0.13
v/s Ratio Perm c0.23 0.18 0.07 0.28
v/c Ratio 0.66 0.53 0.17 0.74 0.69 0.32
Uniform Delay, d1 13.1 12.4 9.0 12.0 11.6 9.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.7 0.2 4.1 8.6 0.3
Delay (s) 14.6 13.1 9.1 16.0 20.2 9.9
Level of Service B B A B C A
Approach Delay (s) 14.6 13.1 15.2 13.9
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 14.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 47.6 Sum of lost time (s) 11.7
Intersection Capacity Utilization 83.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 16 819 9 10 359 37 6 2 21 66 4 22
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.86 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3615 3467 1805 1724 1805 1671
Flt Permitted 0.95 0.93 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3421 3242 1404 1724 1408 1671
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 17 881 10 11 386 40 6 2 23 71 4 24
RTOR Reduction (vph) 0 1 0 0 7 0 0 20 0 0 21 0
Lane Group Flow (vph) 0 907 0 0 430 0 6 5 0 71 7 0
Heavy Vehicles (%) 0% 5% 0% 0% 9% 0% 0% 0% 0% 0% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.9 35.9 6.1 6.1 6.1 6.1
Effective Green, g (s) 35.9 35.9 6.1 6.1 6.1 6.1
Actuated g/C Ratio 0.70 0.70 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2408 2282 168 206 168 200
v/s Ratio Prot 0.00 0.00
v/s Ratio Perm c0.27 0.13 0.00 c0.05
v/c Ratio 0.38 0.19 0.04 0.02 0.42 0.03
Uniform Delay, d1 3.0 2.6 19.8 19.8 20.8 19.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.1 0.0 1.7 0.1
Delay (s) 3.1 2.6 19.9 19.9 22.5 19.9
Level of Service A A B B C B
Approach Delay (s) 3.1 2.6 19.9 21.8
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 4.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 51.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 50.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 32 900 6 6 362 47 2 1 17 80 3 24
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.86 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3461 3283 1805 1469 1752 1588
Flt Permitted 0.93 0.94 0.74 1.00 0.75 1.00
Satd. Flow (perm) 3231 3102 1403 1469 1374 1588
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 34 968 6 6 389 51 2 1 18 86 3 26
RTOR Reduction (vph) 0 1 0 0 12 0 0 16 0 0 23 0
Lane Group Flow (vph) 0 1007 0 0 434 0 2 3 0 86 6 0
Heavy Vehicles (%) 6% 4% 0% 0% 8% 9% 0% 100% 6% 3% 0% 4%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.9 35.9 6.0 6.0 6.0 6.0
Effective Green, g (s) 35.9 35.9 6.0 6.0 6.0 6.0
Actuated g/C Ratio 0.71 0.71 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2279 2188 165 173 162 187
v/s Ratio Prot 0.00 0.00
v/s Ratio Perm c0.31 0.14 0.00 c0.06
v/c Ratio 0.44 0.20 0.01 0.02 0.53 0.03
Uniform Delay, d1 3.2 2.6 19.8 19.8 21.1 19.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.0 0.0 3.3 0.1
Delay (s) 3.3 2.6 19.9 19.9 24.4 20.0
Level of Service A A B B C B
Approach Delay (s) 3.3 2.6 19.9 23.3
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 50.9 Sum of lost time (s) 9.0
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 856 125 36 274 148 115 109 108 402 139 45
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.95 1.00 0.93 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 3619 1568 1752 3190 1752 1691 1770 1773
Flt Permitted 0.42 1.00 1.00 0.17 1.00 0.63 1.00 0.27 1.00
Satd. Flow (perm) 768 3619 1568 310 3190 1164 1691 509 1773
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 66 941 137 40 301 163 126 120 119 442 153 49
RTOR Reduction (vph) 0 0 45 0 59 0 0 35 0 0 10 0
Lane Group Flow (vph) 66 941 92 40 405 0 126 204 0 442 192 0
Heavy Vehicles (%) 3% 5% 3% 3% 10% 2% 3% 3% 5% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 8 4
Actuated Green, G (s) 35.9 30.5 30.5 32.3 28.7 22.9 14.4 34.6 20.6
Effective Green, g (s) 35.9 30.5 30.5 32.3 28.7 22.9 14.4 34.6 20.6
Actuated g/C Ratio 0.42 0.35 0.35 0.37 0.33 0.27 0.17 0.40 0.24
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 381 1281 555 176 1062 367 282 419 424
v/s Ratio Prot c0.01 c0.26 0.01 0.13 0.03 0.12 c0.18 0.11
v/s Ratio Perm 0.06 0.06 0.08 0.06 c0.24
v/c Ratio 0.17 0.73 0.17 0.23 0.38 0.34 0.72 1.05 0.45
Uniform Delay, d1 15.4 24.3 19.1 18.3 22.0 25.0 34.0 22.2 28.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.9 0.1 0.2 0.1 0.2 7.6 59.2 0.3
Delay (s) 15.4 26.2 19.2 18.5 22.0 25.2 41.6 81.4 28.3
Level of Service B C B B C C D F C
Approach Delay (s) 24.8 21.8 35.9 64.7
Approach LOS C C D E

Intersection Summary
HCM Average Control Delay 35.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 86.2 Sum of lost time (s) 11.0
Intersection Capacity Utilization 81.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (veh/h) 37 10 1175 197 5 441
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 38 10 1211 203 5 455
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1449 606 1211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1449 606 1211
tC, single (s) 6.9 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 68 98 99
cM capacity (veh/h) 120 445 583

Direction, Lane # NW 1 NW 2 NE 1 NE 2 NE 3 SW 1 SW 2 SW 3
Volume Total 38 10 606 606 203 5 227 227
Volume Left 38 0 0 0 0 5 0 0
Volume Right 0 10 0 0 203 0 0 0
cSH 120 445 1700 1700 1700 583 1700 1700
Volume to Capacity 0.32 0.02 0.36 0.36 0.12 0.01 0.13 0.13
Queue Length 95th (ft) 31 2 0 0 0 1 0 0
Control Delay (s) 48.5 13.3 0.0 0.0 0.0 11.2 0.0 0.0
Lane LOS E B B
Approach Delay (s) 41.0 0.0 0.1
Approach LOS E

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 40.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 38 1206 89 220 1043 54 73 14 422 34 8 36
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3725 1615 3433 3689 1615 1824 2842 1752 1589
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.69 1.00
Satd. Flow (perm) 1805 3725 1615 3433 3689 1615 1381 2842 1279 1589
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 43 1355 100 247 1172 61 82 16 474 38 9 40
RTOR Reduction (vph) 0 0 54 0 0 27 0 0 0 0 31 0
Lane Group Flow (vph) 43 1355 46 247 1172 34 0 98 474 38 18 0
Heavy Vehicles (%) 0% 2% 0% 2% 3% 0% 0% 0% 0% 3% 0% 6%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.3 37.0 37.0 10.2 42.9 42.9 17.1 17.1 17.1 17.1
Effective Green, g (s) 4.3 37.0 37.0 10.2 42.9 42.9 17.1 17.1 17.1 17.1
Actuated g/C Ratio 0.05 0.46 0.46 0.13 0.54 0.54 0.21 0.21 0.21 0.21
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 97 1725 748 438 1981 867 296 608 274 340
v/s Ratio Prot 0.02 c0.36 c0.07 0.32 0.01
v/s Ratio Perm 0.03 0.02 0.07 c0.17 0.03
v/c Ratio 0.44 0.79 0.06 0.56 0.59 0.04 0.33 0.78 0.14 0.05
Uniform Delay, d1 36.6 18.1 11.9 32.8 12.6 8.7 26.6 29.6 25.4 25.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 2.2 0.0 1.0 0.3 0.0 0.2 5.7 0.1 0.0
Delay (s) 37.8 20.3 11.9 33.8 12.9 8.8 26.8 35.4 25.5 25.0
Level of Service D C B C B A C D C C
Approach Delay (s) 20.3 16.2 33.9 25.2
Approach LOS C B C C

Intersection Summary
HCM Average Control Delay 20.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 79.9 Sum of lost time (s) 15.6
Intersection Capacity Utilization 68.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1621 41 22 445 0 0 0 0 51 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1706 43 23 468 0 0 0 0 54 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.68 0.68 0.68 0.68 0.68 0.68
vC, conflicting volume 468 1749 2008 2243 875 1368 2264 234
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 468 1151 1534 1880 0 587 1912 234
tC, single (s) 4.1 4.3 7.5 6.5 6.9 7.7 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.3 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 94 100 100 100 78 100 100
cM capacity (veh/h) 1104 382 52 46 738 243 44 765

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 1138 612 23 234 234 54 0
Volume Left 0 0 23 0 0 54 0
Volume Right 0 43 0 0 0 0 0
cSH 1700 1700 382 1700 1700 243 1700
Volume to Capacity 0.67 0.36 0.06 0.14 0.14 0.22 0.00
Queue Length 95th (ft) 0 0 5 0 0 21 0
Control Delay (s) 0.0 0.0 15.0 0.0 0.0 24.0 0.0
Lane LOS C C A
Approach Delay (s) 0.0 0.7 24.0
Approach LOS C

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 56.1% ICU Level of Service B
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 329 0 0 326 118 141 3 83 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 374 0 0 370 134 160 3 94 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 505 374 559 878 187 720 811 252
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 505 374 559 878 187 720 811 252
tC, single (s) 4.1 4.1 7.7 6.5 7.0 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 60 99 88 100 100 100
cM capacity (veh/h) 1070 1196 399 289 814 279 316 753

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1
Volume Total 187 187 247 258 258
Volume Left 0 0 0 0 160
Volume Right 0 0 0 134 94
cSH 1700 1700 1700 1700 487
Volume to Capacity 0.11 0.11 0.15 0.15 0.53
Queue Length 95th (ft) 0 0 0 0 76
Control Delay (s) 0.0 0.0 0.0 0.0 20.4
Lane LOS C
Approach Delay (s) 0.0 0.0 20.4
Approach LOS C

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 86.5% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
10: Sante Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 244 62 41 87 116 184
Sign Control Stop Stop Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 262 67 44 94 125 198
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL
Median storage veh) 2
Upstream signal (ft) 258
pX, platoon unblocked
vC, conflicting volume 464 348 447 0 0
vC1, stage 1 conf vol 348 348 0
vC2, stage 2 conf vol 116 0 447
vCu, unblocked vol 464 348 447 0 0
tC, single (s) 7.1 6.5 6.5 6.2 4.1
tC, 2 stage (s) 6.1 5.5 5.5
tF (s) 3.5 4.0 4.0 3.3 2.2
p0 queue free % 51 88 91 91 92
cM capacity (veh/h) 540 569 516 1085 1623

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 329 138 323
Volume Left 262 0 125
Volume Right 0 94 198
cSH 546 801 1623
Volume to Capacity 0.60 0.17 0.08
Queue Length 95th (ft) 99 15 6
Control Delay (s) 21.1 10.4 3.3
Lane LOS C B A
Approach Delay (s) 21.1 10.4 3.3
Approach LOS C B

Intersection Summary
Average Delay 11.9
Intersection Capacity Utilization 52.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 14 0 6 4 9 57 238 0 1 73 11
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 18 0 8 5 11 72 301 0 1 92 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 561 554 301 556 547 99 106 301
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 561 554 301 556 547 99 106 301
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 96 100 98 99 99 95 100
cM capacity (veh/h) 415 421 743 414 425 932 1472 1271

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 18 24 373 108
Volume Left 0 8 72 1
Volume Right 0 11 0 14
cSH 421 566 1472 1271
Volume to Capacity 0.04 0.04 0.05 0.00
Queue Length 95th (ft) 3 3 4 0
Control Delay (s) 13.9 11.6 1.8 0.1
Lane LOS B B A A
Approach Delay (s) 13.9 11.6 1.8 0.1
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 35.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 2 4 3 1 5 4 6 7 1 3 5 2
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 4 3 1 5 4 7 8 1 3 5 2

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 10 11 15 11
Volume Left (vph) 2 1 7 3
Volume Right (vph) 3 4 1 2
Hadj (s) -0.16 -0.22 0.04 -0.06
Departure Headway (s) 3.8 3.7 4.0 3.9
Degree Utilization, x 0.01 0.01 0.02 0.01
Capacity (veh/h) 931 949 883 913
Control Delay (s) 6.8 6.8 7.1 6.9
Approach Delay (s) 6.8 6.8 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 6 0 8 9 1 0 295 6 0 78 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 3 8 0 10 11 1 0 373 8 0 99 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 484 480 99 480 477 377 100 381
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 484 480 99 480 477 377 100 381
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 98 100 98 98 100 100 100
cM capacity (veh/h) 487 488 962 493 490 674 1505 1189

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 10 23 381 100
Volume Left 3 10 0 0
Volume Right 0 1 8 1
cSH 488 499 1505 1189
Volume to Capacity 0.02 0.05 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 12.5 12.6 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.5 12.6 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 25.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 10 2 2 16 12 2 2 2 3 2 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 11 2 2 17 13 2 2 2 3 2 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 13 41 47 12 43 41 24
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 13 41 47 12 43 41 24
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 1595 1619 964 848 1075 959 853 1058

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 13 33 7 5
Volume Left 0 2 2 3
Volume Right 2 13 2 0
cSH 1595 1619 953 914
Volume to Capacity 0.00 0.00 0.01 0.01
Queue Length 95th (ft) 0 0 1 0
Control Delay (s) 0.0 0.5 8.8 9.0
Lane LOS A A A
Approach Delay (s) 0.0 0.5 8.8 9.0
Approach LOS A A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 36 12 77 104 14 87 22 391 41 29 325 14
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 40 13 87 117 16 98 25 439 46 33 365 16
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 813 973 190 853 958 243 381 485
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 813 973 190 853 958 243 381 485
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 81 94 90 45 94 87 98 97
cM capacity (veh/h) 218 241 825 211 246 764 1189 1088

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 NB 3 SB 1 SB 2 SB 3
Volume Total 40 100 117 113 25 293 193 33 243 137
Volume Left 40 0 117 0 25 0 0 33 0 0
Volume Right 0 87 0 98 0 0 46 0 0 16
cSH 218 622 211 592 1189 1700 1700 1088 1700 1700
Volume to Capacity 0.19 0.16 0.55 0.19 0.02 0.17 0.11 0.03 0.14 0.08
Queue Length 95th (ft) 17 14 74 18 2 0 0 2 0 0
Control Delay (s) 25.2 11.9 41.3 12.5 8.1 0.0 0.0 8.4 0.0 0.0
Lane LOS D B E B A A
Approach Delay (s) 15.7 27.1 0.4 0.7
Approach LOS C D

Intersection Summary
Average Delay 6.9
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 1 3 7 0 5 4 11 294 0 1 85 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 1 4 9 0 7 5 14 387 0 1 112 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 539 530 387 541 530 112 112 387
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 539 530 387 541 530 112 112 387
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 100 99 99 99 100
cM capacity (veh/h) 445 452 666 442 452 947 1490 1183

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 14 12 401 113
Volume Left 1 0 14 1
Volume Right 9 5 0 0
cSH 567 589 1490 1183
Volume to Capacity 0.03 0.02 0.01 0.00
Queue Length 95th (ft) 2 2 1 0
Control Delay (s) 11.5 11.2 0.4 0.1
Lane LOS B B A A
Approach Delay (s) 11.5 11.2 0.4 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 32.1% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 1 0 0 1 0 302 1 0 85 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 1 0 0 1 0 392 1 0 110 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 505 505 111 508 505 393 112 394
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 505 505 111 508 505 393 112 394
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 100 100 100 100 100
cM capacity (veh/h) 480 473 948 473 473 660 1491 1176

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 14 1 394 112
Volume Left 6 0 0 0
Volume Right 1 1 1 1
cSH 499 660 1491 1176
Volume to Capacity 0.03 0.00 0.00 0.00
Queue Length 95th (ft) 2 0 0 0
Control Delay (s) 12.4 10.5 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.4 10.5 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 27.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 1 4 7 6 8 2
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 4 8 7 9 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 11 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 11 14
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 100 99
cM capacity (veh/h) 984 1076 1617

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 14 11
Volume Left 1 0 9
Volume Right 4 7 0
cSH 1056 1700 1617
Volume to Capacity 0.01 0.01 0.01
Queue Length 95th (ft) 0 0 0
Control Delay (s) 8.4 0.0 5.8
Lane LOS A A
Approach Delay (s) 8.4 0.0 5.8
Approach LOS A

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 17.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 2 19 1 1 7 3 1 1 1 3 1 2
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 2 21 1 1 8 3 1 1 1 3 1 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 11 22 40 39 21 39 38 9
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 11 22 40 39 21 39 38 9
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 1622 1607 965 856 1062 968 857 1078

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 24 12 3 7
Volume Left 2 1 1 3
Volume Right 1 3 1 2
cSH 1622 1607 954 980
Volume to Capacity 0.00 0.00 0.00 0.01
Queue Length 95th (ft) 0 0 0 1
Control Delay (s) 0.7 0.7 8.8 8.7
Lane LOS A A A A
Approach Delay (s) 0.7 0.7 8.8 8.7
Approach LOS A A

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
20: W 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 6 38 12 230 458 2
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 6 40 13 242 482 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 749 482 484
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 749 482 484
tC, single (s) 6.4 6.2 4.2
tC, 2 stage (s)
tF (s) 3.5 3.3 2.3
p0 queue free % 98 93 99
cM capacity (veh/h) 378 582 1048

Direction, Lane # EB 1 NB 1 SB 1 SB 2
Volume Total 46 255 482 2
Volume Left 6 13 0 0
Volume Right 40 0 0 2
cSH 542 1048 1700 1700
Volume to Capacity 0.09 0.01 0.28 0.00
Queue Length 95th (ft) 7 1 0 0
Control Delay (s) 12.3 0.5 0.0 0.0
Lane LOS B A
Approach Delay (s) 12.3 0.5 0.0
Approach LOS B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 35 0 59 11 183 0 0 457 39
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 0 0 0 37 0 63 12 195 0 0 486 41
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 788 725 507 725 746 195 528 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 788 725 507 725 746 195 528 195
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.4 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 100 100 89 100 92 99 100
cM capacity (veh/h) 285 350 570 329 341 815 1050 1390

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 100 206 528
Volume Left 37 12 0
Volume Right 63 0 41
cSH 526 1050 1700
Volume to Capacity 0.19 0.01 0.31
Queue Length 95th (ft) 17 1 0
Control Delay (s) 13.5 0.6 0.0
Lane LOS B A
Approach Delay (s) 13.5 0.6 0.0
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 73 0 13 0 0 0 0 121 169 385 107 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Hourly flow rate (vph) 80 0 14 0 0 0 0 133 186 423 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1190 1282 118 1204 1190 226 118 319
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1190 1282 118 1204 1190 226 118 319
tC, single (s) 7.1 6.5 6.3 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.4 3.5 4.0 3.3 2.2 2.2
p0 queue free % 34 100 98 100 100 100 100 66
cM capacity (veh/h) 122 110 918 118 125 819 1483 1241

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 95 319 541
Volume Left 80 0 423
Volume Right 14 186 0
cSH 140 1700 1241
Volume to Capacity 0.68 0.19 0.34
Queue Length 95th (ft) 94 0 38
Control Delay (s) 72.3 0.0 8.1
Lane LOS F A
Approach Delay (s) 72.3 0.0 8.1
Approach LOS F

Intersection Summary
Average Delay 11.8
Intersection Capacity Utilization 58.5% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 285 0 1 119
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 306 0 1 128
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 437 306 306
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 437 306 306
tC, single (s) 6.4 6.2 5.1
tC, 2 stage (s)
tF (s) 3.5 3.3 3.1
p0 queue free % 100 99 100
cM capacity (veh/h) 580 738 856

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 306 129
Volume Left 0 0 1
Volume Right 5 0 0
cSH 738 1700 856
Volume to Capacity 0.01 0.18 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 9.9 0.0 0.1
Lane LOS A A
Approach Delay (s) 9.9 0.0 0.1
Approach LOS A

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 3 1 5 26 0 0 5 300 52 1 81 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 4 1 6 33 0 0 6 380 66 1 103 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 530 563 103 537 530 413 103 446
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 530 563 103 537 530 413 103 446
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 100 99 93 100 100 100 100
cM capacity (veh/h) 461 436 958 446 455 644 1502 1125

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 11 33 452 104
Volume Left 4 33 6 1
Volume Right 6 0 66 0
cSH 642 446 1502 1125
Volume to Capacity 0.02 0.07 0.00 0.00
Queue Length 95th (ft) 1 6 0 0
Control Delay (s) 10.7 13.7 0.1 0.1
Lane LOS B B A A
Approach Delay (s) 10.7 13.7 0.1 0.1
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 32.2% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 331 46 7 105 12 26
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 424 59 9 135 15 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 483 606 454
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 483 606 454
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 94
cM capacity (veh/h) 1020 446 602

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 483 144 49
Volume Left 0 9 15
Volume Right 59 0 33
cSH 1700 1020 542
Volume to Capacity 0.28 0.01 0.09
Queue Length 95th (ft) 0 1 7
Control Delay (s) 0.0 0.6 12.3
Lane LOS A B
Approach Delay (s) 0.0 0.6 12.3
Approach LOS B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 30.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 1 60 26 12 2 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 1 71 31 14 2 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 45 112 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 45 112 38
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1576 889 1040

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 73 45 2
Volume Left 1 0 2
Volume Right 0 14 0
cSH 1576 1700 889
Volume to Capacity 0.00 0.03 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 0.1 0.0 9.1
Lane LOS A A
Approach Delay (s) 0.1 0.0 9.1
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 14.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 58 20 6 3 20 39 5 220 7 25 53 32
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 65 22 7 3 22 44 6 247 8 28 60 36

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 94 70 261 124
Volume Left (vph) 65 3 6 28
Volume Right (vph) 7 44 8 36
Hadj (s) 0.14 -0.34 0.03 -0.10
Departure Headway (s) 5.0 4.6 4.5 4.5
Degree Utilization, x 0.13 0.09 0.33 0.16
Capacity (veh/h) 657 708 770 750
Control Delay (s) 8.8 8.0 9.6 8.3
Approach Delay (s) 8.8 8.0 9.6 8.3
Approach LOS A A A A

Intersection Summary
Delay 9.0
HCM Level of Service A
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 335 1343 0 467 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 376 1509 0 525 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1885 639 188
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1885 639 188
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 322 413 828

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 188 188 1509 262 262
Volume Left 0 0 0 0 0
Volume Right 0 0 1509 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.11 0.11 0.89 0.15 0.15
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 86.5% ICU Level of Service E
Analysis Period (min) 15

2008 Gardner Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 12 85 2 1 267 77 8 18 1 29 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 14 98 2 1 307 89 9 21 1 33 23 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 395 100 514 524 99 491 481 351
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 395 100 514 524 99 491 481 351
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 98 95 100 93 95 97
cM capacity (veh/h) 1163 1505 433 452 962 465 478 692

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 114 397 31 79
Volume Left 14 1 9 33
Volume Right 2 89 1 23
cSH 1163 1505 455 519
Volume to Capacity 0.01 0.00 0.07 0.15
Queue Length 95th (ft) 1 0 5 13
Control Delay (s) 1.1 0.0 13.5 13.2
Lane LOS A A B B
Approach Delay (s) 1.1 0.0 13.5 13.2
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 21 254 48 202 592 208 54 143 134 133 138 37
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3297 3389 1770 1694 1736 1777
Flt Permitted 0.86 0.79 0.64 1.00 0.53 1.00
Satd. Flow (perm) 2859 2699 1193 1694 973 1777
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 22 270 51 215 630 221 57 152 143 141 147 39
RTOR Reduction (vph) 0 24 0 0 39 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 319 0 0 1027 0 57 235 0 141 169 0
Heavy Vehicles (%) 2% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 23.5 23.5 13.6 13.6 13.6 13.6
Effective Green, g (s) 23.5 23.5 13.6 13.6 13.6 13.6
Actuated g/C Ratio 0.48 0.48 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1377 1300 332 472 271 495
v/s Ratio Prot 0.14 0.10
v/s Ratio Perm 0.11 c0.38 0.05 c0.14
v/c Ratio 0.23 0.79 0.17 0.50 0.52 0.34
Uniform Delay, d1 7.4 10.6 13.3 14.7 14.8 14.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 3.3 0.2 0.8 1.8 0.4
Delay (s) 7.5 13.9 13.6 15.6 16.6 14.4
Level of Service A B B B B B
Approach Delay (s) 7.5 13.9 15.2 15.4
Approach LOS A B B B

Intersection Summary
HCM Average Control Delay 13.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 81.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 531 20 32 976 33 19 5 42 57 10 26
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 0.87 1.00 0.89
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3606 3703 1703 1616 1770 1692
Flt Permitted 0.95 0.93 0.73 1.00 0.73 1.00
Satd. Flow (perm) 3419 3445 1314 1616 1352 1692
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 5 542 20 33 996 34 19 5 43 58 10 27
RTOR Reduction (vph) 0 2 0 0 2 0 0 38 0 0 24 0
Lane Group Flow (vph) 0 565 0 0 1061 0 19 10 0 58 13 0
Heavy Vehicles (%) 0% 5% 0% 3% 2% 0% 6% 0% 2% 2% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 34.7 34.7 5.9 5.9 5.9 5.9
Effective Green, g (s) 34.7 34.7 5.9 5.9 5.9 5.9
Actuated g/C Ratio 0.70 0.70 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2392 2410 156 192 161 201
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm 0.17 c0.31 0.01 c0.04
v/c Ratio 0.24 0.44 0.12 0.05 0.36 0.07
Uniform Delay, d1 2.7 3.2 19.5 19.4 20.1 19.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.1 0.4 0.1 1.4 0.1
Delay (s) 2.7 3.4 19.9 19.5 21.5 19.5
Level of Service A A B B C B
Approach Delay (s) 2.7 3.4 19.6 20.7
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 4.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 49.6 Sum of lost time (s) 9.0
Intersection Capacity Utilization 66.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 11 624 4 23 1059 29 6 2 14 35 5 13
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.87 1.00 0.89
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3436 3525 1805 1555 1805 1694
Flt Permitted 0.94 0.94 1.00 1.00 1.00 1.00
Satd. Flow (perm) 3218 3311 1900 1555 1900 1694
Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
Adj. Flow (vph) 11 637 4 23 1081 30 6 2 14 36 5 13
RTOR Reduction (vph) 0 1 0 0 2 0 0 13 0 0 12 0
Lane Group Flow (vph) 0 652 0 0 1132 0 6 3 0 36 6 0
Heavy Vehicles (%) 0% 5% 0% 0% 2% 0% 0% 0% 7% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 36.3 36.3 3.1 3.1 3.1 3.1
Effective Green, g (s) 36.3 36.3 3.1 3.1 3.1 3.1
Actuated g/C Ratio 0.75 0.75 0.06 0.06 0.06 0.06
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2414 2483 122 100 122 109
v/s Ratio Prot 0.00 0.00
v/s Ratio Perm 0.20 c0.34 0.00 c0.02
v/c Ratio 0.27 0.46 0.05 0.03 0.30 0.05
Uniform Delay, d1 1.9 2.3 21.3 21.2 21.6 21.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.1 0.2 0.1 1.4 0.2
Delay (s) 2.0 2.4 21.4 21.4 23.0 21.5
Level of Service A A C C C C
Approach Delay (s) 2.0 2.4 21.4 22.5
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 3.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 48.4 Sum of lost time (s) 9.0
Intersection Capacity Utilization 62.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 107 374 205 159 882 491 124 154 50 233 200 87
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 0.95 1.00 0.96 1.00 0.95
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 3585 1583 1770 3349 1770 1794 1770 1778
Flt Permitted 0.12 1.00 1.00 0.47 1.00 0.34 1.00 0.34 1.00
Satd. Flow (perm) 226 3585 1583 868 3349 631 1794 626 1778
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 116 407 223 173 959 534 135 167 54 253 217 95
RTOR Reduction (vph) 0 0 146 0 60 0 0 12 0 0 13 0
Lane Group Flow (vph) 116 407 77 173 1433 0 135 209 0 253 299 0
Heavy Vehicles (%) 3% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 8 4
Actuated Green, G (s) 41.2 32.6 32.6 43.6 33.8 25.6 16.2 32.8 19.8
Effective Green, g (s) 41.2 32.6 32.6 43.6 33.8 25.6 16.2 32.8 19.8
Actuated g/C Ratio 0.44 0.34 0.34 0.46 0.36 0.27 0.17 0.35 0.21
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 237 1235 546 493 1197 284 307 374 372
v/s Ratio Prot c0.04 0.11 0.04 c0.43 0.05 0.12 c0.09 c0.17
v/s Ratio Perm 0.17 0.05 0.13 0.08 0.14
v/c Ratio 0.49 0.33 0.14 0.35 1.20 0.48 0.68 0.68 0.80
Uniform Delay, d1 20.8 22.9 21.4 15.3 30.4 27.5 36.8 24.1 35.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.1 0.0 0.2 96.9 0.5 4.9 3.8 11.2
Delay (s) 21.3 23.0 21.4 15.5 127.3 28.0 41.7 27.9 46.7
Level of Service C C C B F C D C D
Approach Delay (s) 22.2 115.7 36.5 38.3
Approach LOS C F D D

Intersection Summary
HCM Average Control Delay 73.2 HCM Level of Service E
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 94.6 Sum of lost time (s) 16.5
Intersection Capacity Utilization 89.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (veh/h) 100 20 565 90 9 1434
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 22 614 98 10 1559
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1413 307 614
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1413 307 614
tC, single (s) 6.9 7.0 4.2
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 13 97 99
cM capacity (veh/h) 125 683 948

Direction, Lane # NW 1 NW 2 NE 1 NE 2 NE 3 SW 1 SW 2 SW 3
Volume Total 109 22 307 307 98 10 779 779
Volume Left 109 0 0 0 0 10 0 0
Volume Right 0 22 0 0 98 0 0 0
cSH 125 683 1700 1700 1700 948 1700 1700
Volume to Capacity 0.87 0.03 0.18 0.18 0.06 0.01 0.46 0.46
Queue Length 95th (ft) 136 2 0 0 0 1 0 0
Control Delay (s) 114.3 10.4 0.0 0.0 0.0 8.8 0.0 0.0
Lane LOS F B A
Approach Delay (s) 97.0 0.0 0.1
Approach LOS F

Intersection Summary
Average Delay 5.3
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
7: US-56 & 174th St PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 34 1083 148 427 1115 31 112 12 331 30 8 23
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.89
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1818 2842 1805 1688
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.67 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1370 2842 1272 1688
Peak-hour factor, PHF 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Adj. Flow (vph) 38 1203 164 474 1239 34 124 13 368 33 9 26
RTOR Reduction (vph) 0 0 95 0 0 15 0 0 0 0 21 0
Lane Group Flow (vph) 38 1203 69 474 1239 19 0 137 368 33 14 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.4 29.6 29.6 11.3 36.5 36.5 13.6 13.6 13.6 13.6
Effective Green, g (s) 4.4 29.6 29.6 11.3 36.5 36.5 13.6 13.6 13.6 13.6
Actuated g/C Ratio 0.06 0.42 0.42 0.16 0.52 0.52 0.19 0.19 0.19 0.19
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 113 1558 675 565 1921 841 266 551 247 327
v/s Ratio Prot 0.02 c0.33 c0.14 0.34 0.01
v/s Ratio Perm 0.04 0.01 0.10 c0.13 0.03
v/c Ratio 0.34 0.77 0.10 0.84 0.64 0.02 0.52 0.67 0.13 0.04
Uniform Delay, d1 31.5 17.4 12.2 28.5 12.1 8.1 25.3 26.2 23.4 23.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 2.2 0.0 10.1 0.6 0.0 0.7 2.4 0.1 0.0
Delay (s) 32.1 19.6 12.3 38.6 12.7 8.2 26.0 28.5 23.5 23.0
Level of Service C B B D B A C C C C
Approach Delay (s) 19.1 19.6 27.8 23.2
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 20.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 70.1 Sum of lost time (s) 15.6
Intersection Capacity Utilization 67.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Gardner Existing
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1247 196 96 437 0 0 0 0 114 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 1341 211 103 470 0 0 0 0 123 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.71 0.71 0.71 0.71 0.71 0.71
vC, conflicting volume 470 1552 1888 2123 776 1347 2228 235
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 470 947 1423 1756 0 656 1905 235
tC, single (s) 4.1 4.2 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 79 100 100 100 41 100 100
cM capacity (veh/h) 1102 496 58 48 769 208 39 767

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 894 658 103 235 235 123 0
Volume Left 0 0 103 0 0 123 0
Volume Right 0 211 0 0 0 0 0
cSH 1700 1700 496 1700 1700 208 1700
Volume to Capacity 0.53 0.39 0.21 0.14 0.14 0.59 0.00
Queue Length 95th (ft) 0 0 19 0 0 82 0
Control Delay (s) 0.0 0.0 14.2 0.0 0.0 44.6 0.0
Lane LOS B E A
Approach Delay (s) 0.0 2.6 44.6
Approach LOS E

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 62.4% ICU Level of Service B
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 437 0 0 462 18 71 2 34 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 497 0 0 525 20 81 2 39 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 497 759 1042 248 823 1032 273
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 497 759 1042 248 823 1032 273
tC, single (s) 4.1 4.1 7.6 6.5 7.2 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 72 99 95 100 100 100
cM capacity (veh/h) 1034 1078 287 232 714 252 235 731

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1
Volume Total 248 248 350 195 122
Volume Left 0 0 0 0 81
Volume Right 0 0 0 20 39
cSH 1700 1700 1700 1700 352
Volume to Capacity 0.15 0.15 0.21 0.11 0.35
Queue Length 95th (ft) 0 0 0 0 38
Control Delay (s) 0.0 0.0 0.0 0.0 20.5
Lane LOS C
Approach Delay (s) 0.0 0.0 20.5
Approach LOS C

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
10: Moonlight Road & Sante Fe PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 225 54 88 104 129 436
Sign Control Stop Stop Free
Grade 0% 0% 0%
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 281 68 110 130 161 545
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft) 249
pX, platoon unblocked
vC, conflicting volume 780 595 868 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 780 595 868 0 0
tC, single (s) 7.1 6.5 6.5 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 4.0 3.3 2.2
p0 queue free % 0 82 58 88 90
cM capacity (veh/h) 172 376 262 1085 1623

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 349 240 706
Volume Left 281 0 161
Volume Right 0 130 545
cSH 192 444 1623
Volume to Capacity 1.82 0.54 0.10
Queue Length 95th (ft) 621 78 8
Control Delay (s) 428.5 22.2 2.5
Lane LOS F C A
Approach Delay (s) 428.5 22.2 2.5
Approach LOS F C

Intersection Summary
Average Delay 120.9
Intersection Capacity Utilization 70.3% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 11 3 7 3 12 15 112 0 2 248 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 12 3 8 3 14 17 127 0 2 282 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 464 449 127 458 448 282 283 127
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 464 449 127 458 448 282 283 127
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 100 98 99 98 99 100
cM capacity (veh/h) 494 498 928 477 497 742 1279 1471

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 16 25 144 285
Volume Left 0 8 17 2
Volume Right 3 14 0 1
cSH 553 596 1279 1471
Volume to Capacity 0.03 0.04 0.01 0.00
Queue Length 95th (ft) 2 3 1 0
Control Delay (s) 11.7 11.3 1.0 0.1
Lane LOS B B A A
Approach Delay (s) 11.7 11.3 1.0 0.1
Approach LOS B B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 1 4 2 0 4 4 2 2 0 2 2 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 4 2 0 4 4 2 2 0 2 2 1

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 8 9 4 5
Volume Left (vph) 1 0 2 2
Volume Right (vph) 2 4 0 1
Hadj (s) -0.14 -0.25 0.10 -0.04
Departure Headway (s) 3.8 3.7 4.0 3.9
Degree Utilization, x 0.01 0.01 0.00 0.01
Capacity (veh/h) 941 970 874 914
Control Delay (s) 6.8 6.7 7.1 6.9
Approach Delay (s) 6.8 6.7 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.8
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 4 0 5 8 0 0 134 12 0 256 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 2 4 0 5 8 0 0 141 13 0 269 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 421 423 269 419 417 147 269 154
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 421 423 269 419 417 147 269 154
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 100 99 98 100 100 100
cM capacity (veh/h) 540 521 774 545 525 905 1306 1439

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 6 14 154 269
Volume Left 2 5 0 0
Volume Right 0 0 13 0
cSH 527 532 1306 1439
Volume to Capacity 0.01 0.03 0.00 0.00
Queue Length 95th (ft) 1 2 0 0
Control Delay (s) 11.9 11.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.9 11.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 23.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 14 2 2 10 12 1 2 2 1 2 2
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 15 2 2 11 13 1 2 2 1 2 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 24 17 41 45 16 41 39 17
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 24 17 41 45 16 41 39 17
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 1604 1613 962 850 1069 962 856 1067

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 17 26 5 5
Volume Left 0 2 1 1
Volume Right 2 13 2 2
cSH 1604 1613 950 952
Volume to Capacity 0.00 0.00 0.01 0.01
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.6 8.8 8.8
Lane LOS A A A
Approach Delay (s) 0.0 0.6 8.8 8.8
Approach LOS A A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 28 22 26 48 31 42 65 256 99 57 227 37
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 29 23 27 51 33 44 68 269 104 60 239 39
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 711 889 139 737 856 187 278 374
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 711 889 139 737 856 187 278 374
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 88 91 97 80 88 95 95 95
cM capacity (veh/h) 254 252 884 255 264 823 1282 1181

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 NB 3 SB 1 SB 2 SB 3
Volume Total 29 51 51 77 68 180 194 60 159 119
Volume Left 29 0 51 0 68 0 0 60 0 0
Volume Right 0 27 0 44 0 0 104 0 0 39
cSH 254 412 255 433 1282 1700 1700 1181 1700 1700
Volume to Capacity 0.12 0.12 0.20 0.18 0.05 0.11 0.11 0.05 0.09 0.07
Queue Length 95th (ft) 10 10 18 16 4 0 0 4 0 0
Control Delay (s) 21.1 15.0 22.6 15.1 8.0 0.0 0.0 8.2 0.0 0.0
Lane LOS C B C C A A
Approach Delay (s) 17.2 18.1 1.2 1.5
Approach LOS C C

Intersection Summary
Average Delay 4.8
Intersection Capacity Utilization 32.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 1 1 0 1 3 3 144 1 4 265 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 2 1 1 0 1 3 3 162 1 4 298 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 480 476 162 478 476 298 298 163
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 480 476 162 478 476 298 298 163
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 494 488 888 498 488 739 1258 1410

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 4 4 166 302
Volume Left 2 0 3 4
Volume Right 1 3 1 0
cSH 554 655 1258 1410
Volume to Capacity 0.01 0.01 0.00 0.00
Queue Length 95th (ft) 1 1 0 0
Control Delay (s) 11.6 10.5 0.2 0.1
Lane LOS B B A A
Approach Delay (s) 11.6 10.5 0.2 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 26.0% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 2 3 0 0 141 0 0 267 4
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 2 3 0 0 162 0 0 307 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 473 471 309 471 474 162 311 162
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 473 471 309 471 474 162 311 162
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 100 99 100 100 100
cM capacity (veh/h) 502 494 736 506 488 888 1260 1429

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 6 162 311
Volume Left 0 2 0 0
Volume Right 0 0 0 5
cSH 1700 495 1260 1429
Volume to Capacity 0.00 0.01 0.00 0.00
Queue Length 95th (ft) 0 1 0 0
Control Delay (s) 0.0 12.4 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 12.4 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 24.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 5 3 2 2 3
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 3 2 2 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 12 4 5
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 12 4 5
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 1006 1085 1629

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 5 5
Volume Left 5 0 2
Volume Right 5 2 0
cSH 1044 1700 1629
Volume to Capacity 0.01 0.00 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 8.5 0.0 2.9
Lane LOS A A
Approach Delay (s) 8.5 0.0 2.9
Approach LOS A

Intersection Summary
Average Delay 5.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 3 0 2 9 6 1 1 1 4 1 1
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 3 0 2 10 7 1 1 1 4 1 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 3 24 26 3 24 23 13
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 3 24 26 3 24 23 13
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 1614 1632 988 869 1086 981 873 1073

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 4 18 3 7
Volume Left 1 2 1 4
Volume Right 0 7 1 1
cSH 1614 1632 973 975
Volume to Capacity 0.00 0.00 0.00 0.01
Queue Length 95th (ft) 0 0 0 1
Control Delay (s) 1.8 0.9 8.7 8.7
Lane LOS A A A A
Approach Delay (s) 1.8 0.9 8.7 8.7
Approach LOS A A

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 11 44 30 479 361 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 12 49 33 532 401 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1000 401 412
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1000 401 412
tC, single (s) 6.4 6.3 4.1
tC, 2 stage (s)
tF (s) 3.5 3.4 2.2
p0 queue free % 95 92 97
cM capacity (veh/h) 264 638 1141

Direction, Lane # EB 1 NB 1 SB 1 SB 2
Volume Total 61 566 401 11
Volume Left 12 33 0 0
Volume Right 49 0 0 11
cSH 497 1141 1700 1700
Volume to Capacity 0.12 0.03 0.24 0.01
Queue Length 95th (ft) 10 2 0 0
Control Delay (s) 13.3 0.8 0.0 0.0
Lane LOS B A
Approach Delay (s) 13.3 0.8 0.0
Approach LOS B

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 59.2% ICU Level of Service B
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 138 0 370 8 139 0 0 326 79
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 0 150 0 402 9 151 0 0 354 86
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 968 566 397 566 609 151 440 151
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 968 566 397 566 609 151 440 151
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.3 2.2
p0 queue free % 100 100 100 65 100 55 99 100
cM capacity (veh/h) 128 433 657 429 409 887 1064 1442

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 552 160 440
Volume Left 150 9 0
Volume Right 402 0 86
cSH 688 1064 1700
Volume to Capacity 0.80 0.01 0.26
Queue Length 95th (ft) 205 1 0
Control Delay (s) 28.0 0.5 0.0
Lane LOS D A
Approach Delay (s) 28.0 0.5 0.0
Approach LOS D

Intersection Summary
Average Delay 13.5
Intersection Capacity Utilization 59.1% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 37 4 14 0 0 0 0 110 38 201 263 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 42 5 16 0 0 0 0 125 43 228 299 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 902 924 299 920 902 147 299 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 902 924 299 920 902 147 299 168
tC, single (s) 7.2 6.5 6.3 7.1 6.5 6.2 4.1 4.2
tC, 2 stage (s)
tF (s) 3.6 4.0 3.4 3.5 4.0 3.3 2.2 2.3
p0 queue free % 81 98 98 100 100 100 100 84
cM capacity (veh/h) 220 227 729 213 233 906 1274 1386

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 62 168 527
Volume Left 42 0 228
Volume Right 16 43 0
cSH 269 1700 1386
Volume to Capacity 0.23 0.10 0.16
Queue Length 95th (ft) 22 0 15
Control Delay (s) 22.4 0.0 4.4
Lane LOS C A
Approach Delay (s) 22.4 0.0 4.4
Approach LOS C

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 46.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 2 146 1 6 271
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 2 154 1 6 285
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 452 154 155
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 452 154 155
tC, single (s) 6.4 6.7 4.3
tC, 2 stage (s)
tF (s) 3.5 3.8 2.4
p0 queue free % 100 100 100
cM capacity (veh/h) 566 780 1339

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 2 155 292
Volume Left 0 0 6
Volume Right 2 1 0
cSH 780 1700 1339
Volume to Capacity 0.00 0.09 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 9.6 0.0 0.2
Lane LOS A A
Approach Delay (s) 9.6 0.0 0.2
Approach LOS A

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 29.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 2 6 28 1 0 7 138 31 0 279 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 0 2 6 30 1 0 7 147 33 0 297 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 476 492 297 483 476 163 298 180
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 476 492 297 483 476 163 298 180
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 94 100 100 99 100
cM capacity (veh/h) 499 478 742 486 488 887 1269 1408

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 9 31 187 298
Volume Left 0 30 7 0
Volume Right 6 0 33 1
cSH 652 486 1269 1700
Volume to Capacity 0.01 0.06 0.01 0.18
Queue Length 95th (ft) 1 5 0 0
Control Delay (s) 10.6 12.9 0.4 0.0
Lane LOS B B A
Approach Delay (s) 10.6 12.9 0.4 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 29.9% ICU Level of Service A
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Gardner Existing
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 158 17 21 292 60 18
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 170 18 23 314 65 19
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 188 538 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 188 538 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 87 98
cM capacity (veh/h) 1386 496 864

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 188 337 84
Volume Left 0 23 65
Volume Right 18 0 19
cSH 1700 1386 550
Volume to Capacity 0.11 0.02 0.15
Queue Length 95th (ft) 0 1 13
Control Delay (s) 0.0 0.7 12.7
Lane LOS A B
Approach Delay (s) 0.0 0.7 12.7
Approach LOS B

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 40.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 2 32 41 2 7 1
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 2 34 44 2 7 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 46 83 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 46 83 45
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1575 920 1031

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 36 46 9
Volume Left 2 0 7
Volume Right 0 2 1
cSH 1575 1700 933
Volume to Capacity 0.00 0.03 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.4 0.0 8.9
Lane LOS A A
Approach Delay (s) 0.4 0.0 8.9
Approach LOS A

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 17 16 11 27 32 10 79 10 32 160 40
Peak Hour Factor 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Hourly flow rate (vph) 25 21 20 14 34 40 12 99 12 40 200 50

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 66 88 124 290
Volume Left (vph) 25 14 13 40
Volume Right (vph) 20 40 13 50
Hadj (s) -0.07 -0.21 0.02 -0.04
Departure Headway (s) 4.9 4.7 4.6 4.4
Degree Utilization, x 0.09 0.12 0.16 0.35
Capacity (veh/h) 663 688 736 786
Control Delay (s) 8.4 8.4 8.5 9.8
Approach Delay (s) 8.4 8.4 8.5 9.8
Approach LOS A A A A

Intersection Summary
Delay 9.1
HCM Level of Service A
Intersection Capacity Utilization 31.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Gardner Existing
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 437 924 0 533 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 475 1004 0 579 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1479 765 238
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1479 765 238
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 461 344 770

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 238 238 1004 290 290
Volume Left 0 0 0 0 0
Volume Right 0 0 1004 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.14 0.14 0.59 0.17 0.17
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15

2008 Gardner Existing - PM Peak Hour - Synchro Intersection LOS



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1130           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     314            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               656            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               656            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  9.4            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1830           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     508            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1062           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1062           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1360           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     378            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               786            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               786            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3060           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     850            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1751           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1751           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              68.4           mi/h                
Number of lanes, N                          2                                  
Density, D                                  25.6           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1400           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     389            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               821            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               821            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.7           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   500            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     139            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               303            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               303            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   470            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     131            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               285            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               285            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.1            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   540            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     150            v                   
Trucks and buses                            21             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.905                              
Driver population factor, fp                1.00                               
Flow rate, vp                               332            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               332            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   650            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     181            v                   
Trucks and buses                            20             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.909                              
Driver population factor, fp                1.00                               
Flow rate, vp                               397            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               397            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   920            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     256            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               552            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               552            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  7.9            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   730            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     203            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               442            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               442            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  6.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1750           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     486            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1016           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1016           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.5           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2910           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     808            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1673           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1673           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              69.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  24.2           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1530           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     425            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               897            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               897            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.8           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1320           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     367            v                   
Trucks and buses                            12             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.943                              
Driver population factor, fp                1.00                               
Flow rate, vp                               777            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               777            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.1           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1950           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     542            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1132           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1132           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  16.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1130           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              11             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1130        11                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                314         3                     v
Trucks and buses                       9           9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1312        14                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1312   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1312          4800            No
      Fi   F
     v  = v - v            1298          4800            No
      FO   F   R
     v                     14            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1312          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.429
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1119           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              238            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1119        238                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                311         66                    v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1299        272                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1299   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1571          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1299          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.284
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1360           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              86             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1360        86                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                378         24                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1572        98                    pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1572   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1572          4800            No                    
      Fi   F                                                                   
     v  = v - v            1474          4800            No                    
      FO   F   R                                                               
     v                     98            2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1572          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.6    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.437                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1274           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              554            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1274        554                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                354         154                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1472        634                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1472   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2106          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1472          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.297                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.7    mph                  
_______________________________________________________________________________
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1830           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              227            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1830        227                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                508         63                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2094        279                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2094   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2094          4800            No                    
      Fi   F                                                                   
     v  = v - v            1815          4800            No                    
      FO   F   R                                                               
     v                     279           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2094          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   15.1    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.453                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2946           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              118            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2946        118                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                818         33                    v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3372        135                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3372   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3507          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3372          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.381
                                              S
Space mean speed in ramp influence area,     S  = 59.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.3    mph
_______________________________________________________________________________

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1603           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1343           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1603        1343                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                445         373                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1835        1537                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1835   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3372          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1835          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   27.9    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.400                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.8    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1400           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              924            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1400        924                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                389         257                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1626        1073                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1626   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1626          4800            No                    
      Fi   F                                                                   
     v  = v - v            553           4800            No                    
      FO   F   R                                                               
     v                     1073          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1626          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.0    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.395                        
                                              S                                
Space mean speed in ramp influence area,     S  = 59.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 59.0    mph                  
_______________________________________________________________________________

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           476            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              63             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        476         63                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                132         18                    v     
Trucks and buses                       9           16                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.806                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          553         87                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  553    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     640           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                553           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.4     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           540            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              94             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        540         94                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                150         26                    v     
Trucks and buses                       19          13                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.913       0.837                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          657         125                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  657    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                657           4800            No                    
      Fi   F                                                                   
     v  = v - v            532           4800            No                    
      FO   F   R                                                               
     v                     125           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                657           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.439                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           445            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        445         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                124         14                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          541         59                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  541    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     600           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                541           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.1     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           500            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              35             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        500         35                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                139         10                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          606         42                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  606    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                606           4800            No
      Fi   F
     v  = v - v            564           4800            No
      FO   F   R
     v                     42            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                606           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.432
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               13 Sunflower Entr                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           465            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              4              vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        465         4                     vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                129         1                     v     
Trucks and buses                       18          0                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       1.000                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          563         4                     pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  563    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     567           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                563           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   4.9     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

2008 Gardner Existing - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           650            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              5              vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        650         5                     vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                181                               v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          794         6                     pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  794    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                794           4800            No
      Fi   F
     v  = v - v            788           4800            No
      FO   F   R
     v                     6             2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                794           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.9     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.429
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           645            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              87             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        645         87                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                179         24                    v
Trucks and buses                       20          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          788         104                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  788    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     892           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                788           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.4     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           730            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              55             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        730         55                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                203         15                    v     
Trucks and buses                       18          7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          884         68                    pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  884    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                884           4800            No                    
      Fi   F                                                                   
     v  = v - v            816           4800            No                    
      FO   F   R                                                               
     v                     68            2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                884           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.434                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           675            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              239            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        675         239                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                188         66                    v     
Trucks and buses                       18          6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          818         289                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  818    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1107          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                818           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.0     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.277                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.2    mph                  
_______________________________________________________________________________
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           920            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              107            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        920         107                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                256         30                    v     
Trucks and buses                       16          9                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.881                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1104        135                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1104   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1104          4800            No                    
      Fi   F                                                                   
     v  = v - v            969           4800            No                    
      FO   F   R                                                               
     v                     135           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1104          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.5     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.440                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1732           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              18             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1732        18                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                481         5                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2078        21                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2078   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2099          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2078          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.283                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.1    mph                  
_______________________________________________________________________________
                                                                               

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           813            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              924            vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        813         924                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                226         257                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          976         1073                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  976    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2049          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                976           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.316                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2910           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1250           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2910        1250                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                808         347                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3346        1431                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  3346   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                3346          4800            No                    
      Fi   F                                                                   
     v  = v - v            1915          4800            No                    
      FO   F   R                                                               
     v                     1431          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3346          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   25.8    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.427                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.0    mph                  
_______________________________________________________________________________

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1660           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              292            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1660        292                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                461         81                    v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1909        339                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1909   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2248          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1909          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1950           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              508            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1950        508                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                542         141                   v     
Trucks and buses                       9           5                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.930                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2264        607                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2264   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2264          4800            No                    
      Fi   F                                                                   
     v  = v - v            1657          4800            No                    
      FO   F   R                                                               
     v                     607           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2264          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.483                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.5    mph                  
_______________________________________________________________________________

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1442           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              87             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1442        87                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                401         24                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1674        105                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1674   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1779          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1674          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.3    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.288                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.9    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.9    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1530           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              236            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1530        236                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                425         66                    v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1794        270                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1794   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1794          4800            No
      Fi   F
     v  = v - v            1524          4800            No
      FO   F   R
     v                     270           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1794          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1294           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1294        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                359         7                     v
Trucks and buses                       11          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1517        31                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1517   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1548          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1517          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.283
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2008 Gardner Existing - PM Peak Hour - HCS Freeway Ramps



Appendix C: 
Peak Hour Truck Percent Figures
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Figure C-2: Existing (2008) Peak Hour Truck
Percentages - Vicinity of Wellsville North Alternative
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Figure C-4: 2010 Gardner Proposed Action

Peak Hour Truck Percentages
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Figure C-5: 2015 Gardner No-Action

Peak Hour Truck Percentages
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Figure C-6: 2015 Gardner IMF Operations

Peak Hour Truck Percentages
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Figure C-10: 2015 Gardner IMF Operations + Induced Development

Peak Hour Truck Percentages
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Figure C-14: 2015 Wellsville North No Action
Peak Hour Truck Percentages
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Appendix D:
Results of Operational Analysis 

Wellsville North Existing Conditions 

Synchro Analysis

1. 2008 Wellsville North Existing Conditions 

HCS Analysis

1. 2008 Wellsville North Existing Conditions 



BNSF NEPA Traffic Study 2008 Wellsville Existing
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 59 273 1 0 49 50 2 76 1 81 22 12
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 71 329 1 0 59 60 2 92 1 98 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 119 330 589 591 330 608 561 89
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 119 330 589 591 330 608 561 89
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.6 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 99 77 100 69 94 98
cM capacity (veh/h) 1450 1241 381 398 717 320 411 953

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 401 119 95 139
Volume Left 71 0 2 98
Volume Right 1 60 1 14
cSH 1450 1241 400 360
Volume to Capacity 0.05 0.00 0.24 0.39
Queue Length 95th (ft) 4 0 23 44
Control Delay (s) 1.7 0.0 16.8 21.1
Lane LOS A C C
Approach Delay (s) 1.7 0.0 16.8 21.1
Approach LOS C C

Intersection Summary
Average Delay 6.9
Intersection Capacity Utilization 44.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 37 522 58 91 200 98 68 300 179 133 192 21
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3392 3179 1805 1724 1719 1807
Flt Permitted 0.90 0.65 0.61 1.00 0.30 1.00
Satd. Flow (perm) 3054 2075 1153 1724 545 1807
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 43 600 67 105 230 113 78 345 206 153 221 24
RTOR Reduction (vph) 0 16 0 0 70 0 0 31 0 0 6 0
Lane Group Flow (vph) 0 694 0 0 378 0 78 520 0 153 239 0
Heavy Vehicles (%) 3% 5% 2% 8% 9% 6% 0% 4% 4% 5% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 16.5 16.5 19.4 19.4 19.4 19.4
Effective Green, g (s) 16.5 16.5 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.35 0.35 0.41 0.41 0.41 0.41
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1059 719 470 703 222 736
v/s Ratio Prot c0.30 0.13
v/s Ratio Perm c0.23 0.18 0.07 0.28
v/c Ratio 0.66 0.53 0.17 0.74 0.69 0.32
Uniform Delay, d1 13.1 12.4 9.0 12.0 11.6 9.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.7 0.2 4.1 8.6 0.3
Delay (s) 14.6 13.1 9.1 16.0 20.2 9.9
Level of Service B B A B C A
Approach Delay (s) 14.6 13.1 15.2 13.9
Approach LOS B B B B

Intersection Summary
HCM Average Control Delay 14.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 47.6 Sum of lost time (s) 11.7
Intersection Capacity Utilization 83.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Wellsville Existing
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1621 41 22 445 0 0 0 0 51 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1706 43 23 468 0 0 0 0 54 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.68 0.68 0.68 0.68 0.68 0.68
vC, conflicting volume 468 1749 2008 2243 875 1368 2264 234
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 468 1151 1534 1880 0 587 1912 234
tC, single (s) 4.1 4.3 7.5 6.5 6.9 7.7 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.3 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 94 100 100 100 78 100 100
cM capacity (veh/h) 1104 382 52 46 738 243 44 765

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 1138 612 23 234 234 54 0
Volume Left 0 0 23 0 0 54 0
Volume Right 0 43 0 0 0 0 0
cSH 1700 1700 382 1700 1700 243 1700
Volume to Capacity 0.67 0.36 0.06 0.14 0.14 0.22 0.00
Queue Length 95th (ft) 0 0 5 0 0 21 0
Control Delay (s) 0.0 0.0 15.0 0.0 0.0 24.0 0.0
Lane LOS C C A
Approach Delay (s) 0.0 0.7 24.0
Approach LOS C

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 56.1% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 329 0 0 326 118 141 3 83 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 374 0 0 370 134 160 3 94 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 505 374 559 878 187 720 811 252
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 505 374 559 878 187 720 811 252
tC, single (s) 4.1 4.1 7.7 6.5 7.0 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 60 99 88 100 100 100
cM capacity (veh/h) 1070 1196 399 289 814 279 316 753

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1
Volume Total 187 187 247 258 258
Volume Left 0 0 0 0 160
Volume Right 0 0 0 134 94
cSH 1700 1700 1700 1700 487
Volume to Capacity 0.11 0.11 0.15 0.15 0.53
Queue Length 95th (ft) 0 0 0 0 76
Control Delay (s) 0.0 0.0 0.0 0.0 20.4
Lane LOS C
Approach Delay (s) 0.0 0.0 20.4
Approach LOS C

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 86.5% ICU Level of Service E
Analysis Period (min) 15

2008 Wellsville North Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 14 0 6 4 9 57 238 0 1 73 11
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 18 0 8 5 11 72 301 0 1 92 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 561 554 301 556 547 99 106 301
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 561 554 301 556 547 99 106 301
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 96 100 98 99 99 95 100
cM capacity (veh/h) 415 421 743 414 425 932 1472 1271

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 18 24 373 108
Volume Left 0 8 72 1
Volume Right 0 11 0 14
cSH 421 566 1472 1271
Volume to Capacity 0.04 0.04 0.05 0.00
Queue Length 95th (ft) 3 3 4 0
Control Delay (s) 13.9 11.6 1.8 0.1
Lane LOS B B A A
Approach Delay (s) 13.9 11.6 1.8 0.1
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 35.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 6 0 8 9 1 0 295 6 0 78 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 3 8 0 10 11 1 0 373 8 0 99 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 484 480 99 480 477 377 100 381
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 484 480 99 480 477 377 100 381
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 98 100 98 98 100 100 100
cM capacity (veh/h) 487 488 962 493 490 674 1505 1189

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 10 23 381 100
Volume Left 3 10 0 0
Volume Right 0 1 8 1
cSH 488 499 1505 1189
Volume to Capacity 0.02 0.05 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 12.5 12.6 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.5 12.6 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 25.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 1 3 7 0 5 4 11 294 0 1 85 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 1 4 9 0 7 5 14 387 0 1 112 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 539 530 387 541 530 112 112 387
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 539 530 387 541 530 112 112 387
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 99 100 99 99 99 100
cM capacity (veh/h) 445 452 666 442 452 947 1490 1183

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 14 12 401 113
Volume Left 1 0 14 1
Volume Right 9 5 0 0
cSH 567 589 1490 1183
Volume to Capacity 0.03 0.02 0.01 0.00
Queue Length 95th (ft) 2 2 1 0
Control Delay (s) 11.5 11.2 0.4 0.1
Lane LOS B B A A
Approach Delay (s) 11.5 11.2 0.4 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 32.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 1 0 0 1 0 302 1 0 85 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 1 0 0 1 0 392 1 0 110 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 505 505 111 508 505 393 112 394
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 505 505 111 508 505 393 112 394
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 100 100 100 100 100
cM capacity (veh/h) 480 473 948 473 473 660 1491 1176

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 14 1 394 112
Volume Left 6 0 0 0
Volume Right 1 1 1 1
cSH 499 660 1491 1176
Volume to Capacity 0.03 0.00 0.00 0.00
Queue Length 95th (ft) 2 0 0 0
Control Delay (s) 12.4 10.5 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.4 10.5 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 27.5% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 3 1 5 26 0 0 5 300 52 1 81 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 4 1 6 33 0 0 6 380 66 1 103 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 530 563 103 537 530 413 103 446
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 530 563 103 537 530 413 103 446
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 100 99 93 100 100 100 100
cM capacity (veh/h) 461 436 958 446 455 644 1502 1125

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 11 33 452 104
Volume Left 4 33 6 1
Volume Right 6 0 66 0
cSH 642 446 1502 1125
Volume to Capacity 0.02 0.07 0.00 0.00
Queue Length 95th (ft) 1 6 0 0
Control Delay (s) 10.7 13.7 0.1 0.1
Lane LOS B B A A
Approach Delay (s) 10.7 13.7 0.1 0.1
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 32.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 331 46 7 105 12 26
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 424 59 9 135 15 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 483 606 454
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 483 606 454
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 94
cM capacity (veh/h) 1020 446 602

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 483 144 49
Volume Left 0 9 15
Volume Right 59 0 33
cSH 1700 1020 542
Volume to Capacity 0.28 0.01 0.09
Queue Length 95th (ft) 0 1 7
Control Delay (s) 0.0 0.6 12.3
Lane LOS A B
Approach Delay (s) 0.0 0.6 12.3
Approach LOS B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 30.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 8 0 27 1 16 0 0 205 3
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 9 0 31 1 18 0 0 236 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 289 258 237 258 260 18 239 18
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 289 258 237 258 260 18 239 18
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 99 100 97 100 100
cM capacity (veh/h) 647 649 807 672 648 1054 1340 1611

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 40 20 239
Volume Left 9 1 0
Volume Right 31 0 3
cSH 933 1340 1700
Volume to Capacity 0.04 0.00 0.14
Queue Length 95th (ft) 3 0 0
Control Delay (s) 9.0 0.5 0.0
Lane LOS A A
Approach Delay (s) 9.0 0.5 0.0
Approach LOS A

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 21.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 9 1 1 0 0 0 0 9 34 204 9 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 10 1 1 0 0 0 0 10 39 234 10 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 509 529 10 511 509 30 10 49
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 509 529 10 511 509 30 10 49
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.6 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 100 100 100 100 100 100 85
cM capacity (veh/h) 407 389 1077 420 399 1050 1622 1564

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 13 49 245
Volume Left 10 0 234
Volume Right 1 39 0
cSH 430 1700 1564
Volume to Capacity 0.03 0.03 0.15
Queue Length 95th (ft) 2 0 13
Control Delay (s) 13.6 0.0 7.4
Lane LOS B A
Approach Delay (s) 13.6 0.0 7.4
Approach LOS B

Intersection Summary
Average Delay 6.5
Intersection Capacity Utilization 28.4% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 242 14 16 69 4 6 4 50 15 5 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 1 263 15 17 75 4 7 4 54 16 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 79 278 388 387 271 441 392 77
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 79 278 388 387 271 441 392 77
tC, single (s) 4.1 4.2 7.3 7.0 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.7 4.4 3.3 3.5 4.0 3.3
p0 queue free % 100 99 99 99 93 97 99 100
cM capacity (veh/h) 1532 1224 535 472 768 483 539 989

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 279 97 65 22
Volume Left 1 17 7 16
Volume Right 15 4 54 0
cSH 1532 1224 708 496
Volume to Capacity 0.00 0.01 0.09 0.04
Queue Length 95th (ft) 0 1 8 3
Control Delay (s) 0.0 1.5 10.6 12.6
Lane LOS A A B B
Approach Delay (s) 0.0 1.5 10.6 12.6
Approach LOS B B

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 28.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 98 1 0 3 14 29 0 2 108 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 124 1 0 4 18 37 0 3 137 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 218 214 137 338 214 37 137 37
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 218 214 137 338 214 37 137 37
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.3 2.2
p0 queue free % 100 100 86 100 100 100 99 100
cM capacity (veh/h) 732 678 915 530 678 1041 1417 1587

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 124 5 54 139
Volume Left 0 1 18 3
Volume Right 124 4 0 0
cSH 915 839 1417 1587
Volume to Capacity 0.14 0.01 0.01 0.00
Queue Length 95th (ft) 12 0 1 0
Control Delay (s) 9.6 9.3 2.5 0.1
Lane LOS A A A A
Approach Delay (s) 9.6 9.3 2.5 0.1
Approach LOS A A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 21.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 63 5 6 34 6
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 85 7 8 46 8
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 15 123 11
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 15 123 11
tC, single (s) 4.1 6.4 6.5
tC, 2 stage (s)
tF (s) 2.2 3.5 3.6
p0 queue free % 99 95 99
cM capacity (veh/h) 1616 870 987

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 99 15 54
Volume Left 14 0 46
Volume Right 0 8 8
cSH 1616 1700 885
Volume to Capacity 0.01 0.01 0.06
Queue Length 95th (ft) 1 0 5
Control Delay (s) 1.0 0.0 9.3
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 20.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 4 5 0 0 2 10 0 4 0 62 2 2
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 6 8 0 0 3 15 0 6 0 94 3 3

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 14 18 6 100
Volume Left (vph) 6 0 0 94
Volume Right (vph) 0 15 0 3
Hadj (s) 0.09 -0.07 0.42 0.23
Departure Headway (s) 4.2 4.1 4.5 4.2
Degree Utilization, x 0.02 0.02 0.01 0.12
Capacity (veh/h) 822 856 781 846
Control Delay (s) 7.3 7.2 7.5 7.8
Approach Delay (s) 7.3 7.2 7.5 7.8
Approach LOS A A A A

Intersection Summary
Delay 7.6
HCM Level of Service A
Intersection Capacity Utilization 20.8% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 4 0 1 4 0 3
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 8 0 2 8 0 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 8 20 8
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 8 20 8
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 99
cM capacity (veh/h) 1625 1001 1080

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 8 10 6
Volume Left 0 2 0
Volume Right 0 0 6
cSH 1700 1625 1080
Volume to Capacity 0.00 0.00 0.01
Queue Length 95th (ft) 0 0 0
Control Delay (s) 0.0 1.5 8.4
Lane LOS A A
Approach Delay (s) 0.0 1.5 8.4
Approach LOS A

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 1 1
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 2 2
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 4
Volume Left 0 0 2
Volume Right 0 0 2
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 0.0 0.0 8.4
Lane LOS A
Approach Delay (s) 0.0 0.0 8.4
Approach LOS A

Intersection Summary
Average Delay 8.4
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 12 85 2 1 267 77 8 18 1 29 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 14 98 2 1 307 89 9 21 1 33 23 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 395 100 514 524 99 491 481 351
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 395 100 514 524 99 491 481 351
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 98 95 100 93 95 97
cM capacity (veh/h) 1163 1505 433 452 962 465 478 692

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 114 397 31 79
Volume Left 14 1 9 33
Volume Right 2 89 1 23
cSH 1163 1505 455 519
Volume to Capacity 0.01 0.00 0.07 0.15
Queue Length 95th (ft) 1 0 5 13
Control Delay (s) 1.1 0.0 13.5 13.2
Lane LOS A A B B
Approach Delay (s) 1.1 0.0 13.5 13.2
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 21 254 48 202 592 208 54 143 134 133 138 37
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3297 3389 1770 1694 1736 1777
Flt Permitted 0.86 0.79 0.64 1.00 0.53 1.00
Satd. Flow (perm) 2859 2699 1193 1694 973 1777
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 22 270 51 215 630 221 57 152 143 141 147 39
RTOR Reduction (vph) 0 24 0 0 39 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 319 0 0 1027 0 57 235 0 141 169 0
Heavy Vehicles (%) 2% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 23.5 23.5 13.6 13.6 13.6 13.6
Effective Green, g (s) 23.5 23.5 13.6 13.6 13.6 13.6
Actuated g/C Ratio 0.48 0.48 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1377 1300 332 472 271 495
v/s Ratio Prot 0.14 0.10
v/s Ratio Perm 0.11 c0.38 0.05 c0.14
v/c Ratio 0.23 0.79 0.17 0.50 0.52 0.34
Uniform Delay, d1 7.4 10.6 13.3 14.7 14.8 14.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 3.3 0.2 0.8 1.8 0.4
Delay (s) 7.5 13.9 13.6 15.6 16.6 14.4
Level of Service A B B B B B
Approach Delay (s) 7.5 13.9 15.2 15.4
Approach LOS A B B B

Intersection Summary
HCM Average Control Delay 13.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 81.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2008 Wellsville Existing
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1247 196 96 437 0 0 0 0 114 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 1341 211 103 470 0 0 0 0 123 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.71 0.71 0.71 0.71 0.71 0.71
vC, conflicting volume 470 1552 1888 2123 776 1347 2228 235
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 470 947 1423 1756 0 656 1905 235
tC, single (s) 4.1 4.2 7.5 6.5 6.9 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 79 100 100 100 41 100 100
cM capacity (veh/h) 1102 496 58 48 769 208 39 767

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 894 658 103 235 235 123 0
Volume Left 0 0 103 0 0 123 0
Volume Right 0 211 0 0 0 0 0
cSH 1700 1700 496 1700 1700 208 1700
Volume to Capacity 0.53 0.39 0.21 0.14 0.14 0.59 0.00
Queue Length 95th (ft) 0 0 19 0 0 82 0
Control Delay (s) 0.0 0.0 14.2 0.0 0.0 44.6 0.0
Lane LOS B E A
Approach Delay (s) 0.0 2.6 44.6
Approach LOS E

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 62.4% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 437 0 0 462 18 71 2 34 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 497 0 0 525 20 81 2 39 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 497 759 1042 248 823 1032 273
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 497 759 1042 248 823 1032 273
tC, single (s) 4.1 4.1 7.6 6.5 7.2 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 72 99 95 100 100 100
cM capacity (veh/h) 1034 1078 287 232 714 252 235 731

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1
Volume Total 248 248 350 195 122
Volume Left 0 0 0 0 81
Volume Right 0 0 0 20 39
cSH 1700 1700 1700 1700 352
Volume to Capacity 0.15 0.15 0.21 0.11 0.35
Queue Length 95th (ft) 0 0 0 0 38
Control Delay (s) 0.0 0.0 0.0 0.0 20.5
Lane LOS C
Approach Delay (s) 0.0 0.0 20.5
Approach LOS C

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15

2008 Wellsville North Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 11 3 7 3 12 15 112 0 2 248 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 12 3 8 3 14 17 127 0 2 282 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 464 449 127 458 448 282 283 127
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 464 449 127 458 448 282 283 127
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 100 98 99 98 99 100
cM capacity (veh/h) 494 498 928 477 497 742 1279 1471

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 16 25 144 285
Volume Left 0 8 17 2
Volume Right 3 14 0 1
cSH 553 596 1279 1471
Volume to Capacity 0.03 0.04 0.01 0.00
Queue Length 95th (ft) 2 3 1 0
Control Delay (s) 11.7 11.3 1.0 0.1
Lane LOS B B A A
Approach Delay (s) 11.7 11.3 1.0 0.1
Approach LOS B B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 4 0 5 8 0 0 134 12 0 256 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 2 4 0 5 8 0 0 141 13 0 269 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 421 423 269 419 417 147 269 154
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 421 423 269 419 417 147 269 154
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 99 100 99 98 100 100 100
cM capacity (veh/h) 540 521 774 545 525 905 1306 1439

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 6 14 154 269
Volume Left 2 5 0 0
Volume Right 0 0 13 0
cSH 527 532 1306 1439
Volume to Capacity 0.01 0.03 0.00 0.00
Queue Length 95th (ft) 1 2 0 0
Control Delay (s) 11.9 11.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.9 11.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 23.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 2 1 1 0 1 3 3 144 1 4 265 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 2 1 1 0 1 3 3 162 1 4 298 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 480 476 162 478 476 298 298 163
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 480 476 162 478 476 298 298 163
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 100 100 100 100 100
cM capacity (veh/h) 494 488 888 498 488 739 1258 1410

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 4 4 166 302
Volume Left 2 0 3 4
Volume Right 1 3 1 0
cSH 554 655 1258 1410
Volume to Capacity 0.01 0.01 0.00 0.00
Queue Length 95th (ft) 1 1 0 0
Control Delay (s) 11.6 10.5 0.2 0.1
Lane LOS B B A A
Approach Delay (s) 11.6 10.5 0.2 0.1
Approach LOS B B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 26.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 2 3 0 0 141 0 0 267 4
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 2 3 0 0 162 0 0 307 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 473 471 309 471 474 162 311 162
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 473 471 309 471 474 162 311 162
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 100 99 100 100 100
cM capacity (veh/h) 502 494 736 506 488 888 1260 1429

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 6 162 311
Volume Left 0 2 0 0
Volume Right 0 0 0 5
cSH 1700 495 1260 1429
Volume to Capacity 0.00 0.01 0.00 0.00
Queue Length 95th (ft) 0 1 0 0
Control Delay (s) 0.0 12.4 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 12.4 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 24.3% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 2 6 28 1 0 7 138 31 0 279 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Hourly flow rate (vph) 0 2 6 30 1 0 7 147 33 0 297 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 476 492 297 483 476 163 298 180
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 476 492 297 483 476 163 298 180
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 99 94 100 100 99 100
cM capacity (veh/h) 499 478 742 486 488 887 1269 1408

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 9 31 187 298
Volume Left 0 30 7 0
Volume Right 6 0 33 1
cSH 652 486 1269 1700
Volume to Capacity 0.01 0.06 0.01 0.18
Queue Length 95th (ft) 1 5 0 0
Control Delay (s) 10.6 12.9 0.4 0.0
Lane LOS B B A
Approach Delay (s) 10.6 12.9 0.4 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 29.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 158 17 21 292 60 18
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 170 18 23 314 65 19
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 188 538 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 188 538 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 98 87 98
cM capacity (veh/h) 1386 496 864

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 188 337 84
Volume Left 0 23 65
Volume Right 18 0 19
cSH 1700 1386 550
Volume to Capacity 0.11 0.02 0.15
Queue Length 95th (ft) 0 1 13
Control Delay (s) 0.0 0.7 12.7
Lane LOS A B
Approach Delay (s) 0.0 0.7 12.7
Approach LOS B

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 40.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 52 0 184 5 6 0 0 76 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 0 0 59 0 209 6 7 0 0 86 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 325 116 98 116 127 7 109 7
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 325 116 98 116 127 7 109 7
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.3 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.4 2.2
p0 queue free % 100 100 100 93 100 81 100 100
cM capacity (veh/h) 507 775 964 858 764 1076 1376 1627

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 268 12 109
Volume Left 59 6 0
Volume Right 209 0 23
cSH 1019 1376 1700
Volume to Capacity 0.26 0.00 0.06
Queue Length 95th (ft) 27 0 0
Control Delay (s) 9.8 3.5 0.0
Lane LOS A A
Approach Delay (s) 9.8 3.5 0.0
Approach LOS A

Intersection Summary
Average Delay 6.8
Intersection Capacity Utilization 26.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 3 0 2 0 0 0 0 8 16 71 57 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 3 0 2 0 0 0 0 9 18 79 63 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 239 248 63 241 239 18 63 27
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 239 248 63 241 239 18 63 27
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 100 100 100 100 95
cM capacity (veh/h) 692 625 1007 688 632 1067 1552 1574

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 6 27 142
Volume Left 3 0 79
Volume Right 2 18 0
cSH 791 1700 1574
Volume to Capacity 0.01 0.02 0.05
Queue Length 95th (ft) 1 0 4
Control Delay (s) 9.6 0.0 4.3
Lane LOS A A
Approach Delay (s) 9.6 0.0 4.3
Approach LOS A

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 23.6% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 3 104 5 33 211 9 15 4 11 14 5 3
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
Hourly flow rate (vph) 3 121 6 38 245 10 17 5 13 16 6 3
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 256 127 465 463 124 473 461 251
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 256 127 465 463 124 473 461 251
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 97 96 99 99 97 99 100
cM capacity (veh/h) 1321 1453 493 484 932 472 486 793

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 130 294 35 26
Volume Left 3 38 17 16
Volume Right 6 10 13 3
cSH 1321 1453 595 503
Volume to Capacity 0.00 0.03 0.06 0.05
Queue Length 95th (ft) 0 2 5 4
Control Delay (s) 0.2 1.2 11.4 12.5
Lane LOS A A B B
Approach Delay (s) 0.2 1.2 11.4 12.5
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 30.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 0 34 2 1 4 82 103 3 2 59 1
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Hourly flow rate (vph) 1 0 38 2 1 4 91 114 3 2 66 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 374 371 66 407 369 116 67 118
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 374 371 66 407 369 116 67 118
tC, single (s) 7.1 6.5 6.3 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.4 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 96 100 100 100 94 100
cM capacity (veh/h) 556 528 987 512 529 942 1541 1483

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 39 8 209 69
Volume Left 1 2 91 2
Volume Right 38 4 3 1
cSH 965 697 1541 1483
Volume to Capacity 0.04 0.01 0.06 0.00
Queue Length 95th (ft) 3 1 5 0
Control Delay (s) 8.9 10.2 3.5 0.3
Lane LOS A B A A
Approach Delay (s) 8.9 10.2 3.5 0.3
Approach LOS A B

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 6 18 51 33 17 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.81 0.81 0.81 0.81 0.81 0.81
Hourly flow rate (vph) 7 22 63 41 21 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 104 120 83
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 104 120 83
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1501 861 982

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 30 104 27
Volume Left 7 0 21
Volume Right 0 41 6
cSH 1501 1700 886
Volume to Capacity 0.00 0.06 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 1.9 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.9 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 16.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 3 7 0 4 6 46 1 3 1 16 1 4
Peak Hour Factor 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Hourly flow rate (vph) 4 8 0 5 7 54 1 4 1 19 1 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 12 66 6 25
Volume Left (vph) 4 5 1 19
Volume Right (vph) 0 54 1 5
Hadj (s) 0.06 -0.45 -0.08 0.04
Departure Headway (s) 4.1 3.5 4.0 4.1
Degree Utilization, x 0.01 0.06 0.01 0.03
Capacity (veh/h) 867 1006 872 859
Control Delay (s) 7.1 6.8 7.0 7.2
Approach Delay (s) 7.1 6.8 7.0 7.2
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 13.7% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2008 Wellsville Existing
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 9 1 2 9 1 1
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.68 0.68 0.68 0.68 0.68 0.68
Hourly flow rate (vph) 13 1 3 13 1 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 15 33 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 15 33 14
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1616 984 1072

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 15 16 3
Volume Left 0 3 1
Volume Right 1 0 1
cSH 1700 1616 1026
Volume to Capacity 0.01 0.00 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 0.0 1.3 8.5
Lane LOS A A
Approach Delay (s) 0.0 1.3 8.5
Approach LOS A

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2008 Wellsville Existing
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 1 1 0 1 1
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 1.00 1.00 1.00 1.00 1.00 1.00
Hourly flow rate (vph) 0 1 1 0 1 1
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1 2 1
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1 2 1
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1635 1026 1090

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 1 1 2
Volume Left 0 0 1
Volume Right 0 0 1
cSH 1635 1700 1057
Volume to Capacity 0.00 0.00 0.00
Queue Length 95th (ft) 0 0 0
Control Delay (s) 0.0 0.0 8.4
Lane LOS A
Approach Delay (s) 0.0 0.0 8.4
Approach LOS A

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2008 Wellsville North Existing - PM Peak Hour - Synchro Intersection LOS



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1130           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     314            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               656            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               656            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  9.4            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1830           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     508            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1062           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1062           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1360           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     378            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               786            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               786            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3060           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     850            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1751           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1751           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              68.4           mi/h                
Number of lanes, N                          2                                  
Density, D                                  25.6           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1400           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     389            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               821            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               821            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.7           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   500            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     139            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               303            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               303            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   470            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     131            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               285            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               285            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.1            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   540            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     150            v                   
Trucks and buses                            21             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.905                              
Driver population factor, fp                1.00                               
Flow rate, vp                               332            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               332            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   650            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     181            v                   
Trucks and buses                            20             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.909                              
Driver population factor, fp                1.00                               
Flow rate, vp                               397            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               397            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   920            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     256            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               552            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               552            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  7.9            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   730            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     203            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               442            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               442            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  6.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1750           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     486            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1016           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1016           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.5           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2910           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     808            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1673           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1673           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              69.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  24.2           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1530           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     425            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               897            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               897            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.8           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1320           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     367            v                   
Trucks and buses                            12             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.943                              
Driver population factor, fp                1.00                               
Flow rate, vp                               777            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               777            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  11.1           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/18/2008 10:15:14 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1950           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     542            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1132           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1132           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  16.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1130           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              11             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1130        11                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                314         3                     v
Trucks and buses                       9           9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1312        14                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1312   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1312          4800            No
      Fi   F
     v  = v - v            1298          4800            No
      FO   F   R
     v                     14            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1312          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.429
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1119           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              238            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1119        238                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                311         66                    v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1299        272                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1299   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1571          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1299          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.284
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1360           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              86             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1360        86                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                378         24                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1572        98                    pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1572   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1572          4800            No                    
      Fi   F                                                                   
     v  = v - v            1474          4800            No                    
      FO   F   R                                                               
     v                     98            2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1572          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.6    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.437                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1274           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              554            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1274        554                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                354         154                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1472        634                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1472   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2106          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1472          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.297                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.7    mph                  
_______________________________________________________________________________
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1830           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              227            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1830        227                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                508         63                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2094        279                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2094   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2094          4800            No                    
      Fi   F                                                                   
     v  = v - v            1815          4800            No                    
      FO   F   R                                                               
     v                     279           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2094          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   15.1    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.453                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2946           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              118            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2946        118                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                818         33                    v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3372        135                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3372   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3507          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3372          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.381
                                              S
Space mean speed in ramp influence area,     S  = 59.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.3    mph
_______________________________________________________________________________

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1603           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1343           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1603        1343                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                445         373                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1835        1537                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1835   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3372          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1835          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   27.9    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.400                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.8    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1400           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              924            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1400        924                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                389         257                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1626        1073                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1626   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1626          4800            No                    
      Fi   F                                                                   
     v  = v - v            553           4800            No                    
      FO   F   R                                                               
     v                     1073          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1626          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.0    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.395                        
                                              S                                
Space mean speed in ramp influence area,     S  = 59.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 59.0    mph                  
_______________________________________________________________________________

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           476            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              63             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        476         63                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                132         18                    v     
Trucks and buses                       9           16                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.806                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          553         87                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  553    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     640           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                553           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.4     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           540            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              94             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        540         94                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                150         26                    v     
Trucks and buses                       19          13                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.913       0.837                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          657         125                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  657    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                657           4800            No                    
      Fi   F                                                                   
     v  = v - v            532           4800            No                    
      FO   F   R                                                               
     v                     125           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                657           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.439                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           445            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        445         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                124         14                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          541         59                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  541    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     600           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                541           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.1     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           500            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              35             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        500         35                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                139         10                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          606         42                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  606    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                606           4800            No
      Fi   F
     v  = v - v            564           4800            No
      FO   F   R
     v                     42            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                606           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.432
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               13 Sunflower Entr                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           465            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              4              vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        465         4                     vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                129         1                     v     
Trucks and buses                       18          0                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       1.000                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          563         4                     pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  563    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     567           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                563           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   4.9     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

2008 Wellsville North Existing - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           650            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              5              vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        650         5                     vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                181                               v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          794         6                     pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  794    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                794           4800            No
      Fi   F
     v  = v - v            788           4800            No
      FO   F   R
     v                     6             2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                794           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.9     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.429
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           645            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              87             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        645         87                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                179         24                    v
Trucks and buses                       20          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          788         104                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  788    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     892           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                788           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.4     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           730            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              55             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        730         55                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                203         15                    v     
Trucks and buses                       18          7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          884         68                    pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  884    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                884           4800            No                    
      Fi   F                                                                   
     v  = v - v            816           4800            No                    
      FO   F   R                                                               
     v                     68            2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                884           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.434                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           675            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              239            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        675         239                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                188         66                    v     
Trucks and buses                       18          6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          818         289                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  818    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1107          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                818           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.0     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.277                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.2    mph                  
_______________________________________________________________________________
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           920            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              107            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        920         107                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                256         30                    v     
Trucks and buses                       16          9                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.881                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1104        135                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1104   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1104          4800            No                    
      Fi   F                                                                   
     v  = v - v            969           4800            No                    
      FO   F   R                                                               
     v                     135           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1104          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.5     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.440                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1732           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              18             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1732        18                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                481         5                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2078        21                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2078   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2099          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2078          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.283                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.1    mph                  
_______________________________________________________________________________
                                                                               

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           813            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              924            vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        813         924                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                226         257                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          976         1073                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  976    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2049          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                976           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.316                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2910           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1250           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2910        1250                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                808         347                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3346        1431                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  3346   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                3346          4800            No                    
      Fi   F                                                                   
     v  = v - v            1915          4800            No                    
      FO   F   R                                                               
     v                     1431          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3346          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   25.8    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.427                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.0    mph                  
_______________________________________________________________________________

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1660           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              292            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1660        292                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                461         81                    v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1909        339                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1909   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2248          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1909          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1950           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              508            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1950        508                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                542         141                   v     
Trucks and buses                       9           5                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.930                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2264        607                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2264   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2264          4800            No                    
      Fi   F                                                                   
     v  = v - v            1657          4800            No                    
      FO   F   R                                                               
     v                     607           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2264          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.483                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.5    mph                  
_______________________________________________________________________________

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/18/2008 11:13:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2008                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1442           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              87             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1442        87                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                401         24                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1674        105                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1674   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1779          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1674          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.3    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.288                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.9    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.9    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1530           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              236            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1530        236                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                425         66                    v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1794        270                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1794   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1794          4800            No
      Fi   F
     v  = v - v            1524          4800            No
      FO   F   R
     v                     270           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1794          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 11:10:33 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2008
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1294           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1294        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                359         7                     v
Trucks and buses                       11          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1517        31                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1517   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1548          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1517          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.283
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2008 Wellsville North Existing - PM Peak Hour - HCS Freeway Ramps



Appendix E:
Results of Operational Analysis 

Gardner No Action, Proposed Action, and
Future Gardner IMF Operations

Synchro Analysis

1. 2010 Gardner No Action 
2. 2010 Gardner Proposed Action 
3. 2015 Gardner No Action 
4. 2015 Gardner IMF Operations 
5. 2030 Gardner No Action 
6. 2030 Gardner IMF Operations 

HCS Analysis

1. 2010 Gardner No Action 
2. 2010 Gardner Proposed Action 
3. 2015 Gardner No Action 
4. 2015 Gardner IMF Operations 
5. 2030 Gardner No Action 
6. 2030 Gardner IMF Operations 



BNSF NEPA Traffic Study 2010 No-Action Gardner
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 20 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 24 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 611 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 611 617 352 642 590 90
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.6 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 94 99
cM capacity (veh/h) 1449 1214 370 384 696 296 395 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 145
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 393 329
Volume to Capacity 0.05 0.00 0.28 0.44
Queue Length 95th (ft) 4 0 28 54
Control Delay (s) 1.7 0.0 17.6 24.3
Lane LOS A C C
Approach Delay (s) 1.7 0.0 17.6 24.3
Approach LOS C C

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 45.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 550 60 100 210 100 70 320 190 140 200 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3393 3188 1805 1725 1736 1808
Flt Permitted 0.89 0.63 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3043 2020 1144 1725 460 1808
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 632 69 115 241 115 80 368 218 161 230 23
RTOR Reduction (vph) 0 16 0 0 64 0 0 31 0 0 5 0
Lane Group Flow (vph) 0 731 0 0 407 0 80 555 0 161 248 0
Heavy Vehicles (%) 3% 5% 2% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.7 17.7 19.4 19.4 19.4 19.4
Effective Green, g (s) 17.7 17.7 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.36 0.36 0.40 0.40 0.40 0.40
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1104 733 455 686 183 719
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.24 0.20 0.07 c0.35
v/c Ratio 0.66 0.55 0.18 0.81 0.88 0.34
Uniform Delay, d1 13.0 12.4 9.5 13.1 13.6 10.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.9 0.2 7.0 34.7 0.3
Delay (s) 14.5 13.3 9.7 20.0 48.3 10.5
Level of Service B B A C D B
Approach Delay (s) 14.5 13.3 18.8 25.2
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 870 10 10 380 40 10 5 20 70 5 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.92 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3615 3467 1817 1853
Flt Permitted 0.94 0.93 0.91 0.76
Satd. Flow (perm) 3407 3238 1677 1458
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 935 11 11 409 43 11 5 22 75 5 22
RTOR Reduction (vph) 0 1 0 0 7 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 967 0 0 456 0 0 19 0 0 83 0
Heavy Vehicles (%) 0% 5% 0% 0% 9% 0% 0% 0% 0% 0% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 30.9 30.9 6.1 6.1
Effective Green, g (s) 30.9 30.9 6.1 6.1
Actuated g/C Ratio 0.67 0.67 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2289 2175 222 193
v/s Ratio Prot
v/s Ratio Perm c0.28 0.14 0.01 c0.06
v/c Ratio 0.42 0.21 0.09 0.43
Uniform Delay, d1 3.5 2.9 17.5 18.3
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.2 1.5
Delay (s) 3.6 2.9 17.7 19.9
Level of Service A A B B
Approach Delay (s) 3.6 2.9 17.7 19.9
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 46.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 950 10 10 380 50 5 5 20 90 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3459 3287 1605 1737
Flt Permitted 0.93 0.93 0.95 0.77
Satd. Flow (perm) 3234 3062 1530 1378
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 32 1022 11 11 409 54 5 5 22 97 5 32
RTOR Reduction (vph) 0 1 0 0 14 0 0 18 0 0 24 0
Lane Group Flow (vph) 0 1064 0 0 460 0 0 14 0 0 110 0
Heavy Vehicles (%) 7% 4% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.0 8.0
Effective Green, g (s) 33.0 33.0 8.0 8.0
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2134 2021 245 220
v/s Ratio Prot
v/s Ratio Perm c0.33 0.15 0.01 c0.08
v/c Ratio 0.50 0.23 0.06 0.50
Uniform Delay, d1 4.3 3.4 17.8 19.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.1 0.1 1.8
Delay (s) 4.5 3.5 17.9 20.9
Level of Service A A B C
Approach Delay (s) 4.5 3.5 17.9 20.9
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 50.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 910 130 40 290 160 120 120 110 430 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3619 1568 1752 3282 1583 1752 3505 1538 3400 3505 1553
Flt Permitted 0.53 1.00 1.00 0.15 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 985 3619 1568 285 3282 1583 1752 3505 1538 3400 3505 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 66 1000 143 44 319 176 132 132 121 473 165 55
RTOR Reduction (vph) 0 0 91 0 0 115 0 0 106 0 0 46
Lane Group Flow (vph) 66 1000 52 44 319 61 132 132 15 473 165 9
Heavy Vehicles (%) 3% 5% 3% 3% 10% 2% 3% 3% 5% 3% 3% 4%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 31.9 27.1 27.1 29.5 25.9 25.9 8.4 9.1 9.1 12.2 12.9 12.9
Effective Green, g (s) 31.9 27.1 27.1 29.5 25.9 25.9 8.4 9.1 9.1 12.2 12.9 12.9
Actuated g/C Ratio 0.43 0.36 0.36 0.39 0.35 0.35 0.11 0.12 0.12 0.16 0.17 0.17
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 468 1308 567 183 1133 547 196 425 187 553 603 267
v/s Ratio Prot 0.01 c0.28 c0.01 0.10 0.08 0.04 c0.14 c0.05
v/s Ratio Perm 0.05 0.03 0.08 0.04 0.01 0.01
v/c Ratio 0.14 0.76 0.09 0.24 0.28 0.11 0.67 0.31 0.08 0.86 0.27 0.04
Uniform Delay, d1 12.9 21.1 15.8 15.2 17.8 16.7 32.0 30.1 29.2 30.5 27.0 25.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.09 0.92 0.73 1.00 1.00 1.00
Incremental Delay, d2 0.1 4.3 0.3 0.2 0.6 0.4 7.0 0.2 0.1 11.9 0.1 0.0
Delay (s) 12.9 25.4 16.1 15.5 18.4 17.1 41.8 27.9 21.3 42.4 27.1 25.9
Level of Service B C B B B B D C C D C C
Approach Delay (s) 23.6 17.8 30.6 37.5
Approach LOS C B C D

Intersection Summary
HCM Average Control Delay 26.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (veh/h) 40 10 1240 210 10 470
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 41 10 1278 216 10 485
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1541 639 1278
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1541 639 1278
tC, single (s) 6.9 6.9 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 60 98 98
cM capacity (veh/h) 103 423 550

Direction, Lane # NW 1 NW 2 NE 1 NE 2 NE 3 SW 1 SW 2 SW 3
Volume Total 41 10 639 639 216 10 242 242
Volume Left 41 0 0 0 0 10 0 0
Volume Right 0 10 0 0 216 0 0 0
cSH 103 423 1700 1700 1700 550 1700 1700
Volume to Capacity 0.40 0.02 0.38 0.38 0.13 0.02 0.14 0.14
Queue Length 95th (ft) 41 2 0 0 0 1 0 0
Control Delay (s) 61.6 13.7 0.0 0.0 0.0 11.7 0.0 0.0
Lane LOS F B B
Approach Delay (s) 52.1 0.0 0.2
Approach LOS F

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 42.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1270 90 230 1100 60 80 20 450 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3689 1615 1827 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.68 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3689 1615 1387 2842 1263 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1427 101 258 1236 67 90 22 506 45 11 45
RTOR Reduction (vph) 0 0 53 0 0 28 0 0 0 0 35 0
Lane Group Flow (vph) 45 1427 48 258 1236 39 0 112 506 45 21 0
Heavy Vehicles (%) 0% 3% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.4 41.5 41.5 10.5 47.6 47.6 19.4 19.4 19.4 19.4
Effective Green, g (s) 4.4 41.5 41.5 10.5 47.6 47.6 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.05 0.48 0.48 0.12 0.55 0.55 0.22 0.22 0.22 0.22
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 91 1760 770 414 2018 884 309 634 282 358
v/s Ratio Prot 0.02 c0.39 c0.08 0.34 0.01
v/s Ratio Perm 0.03 0.02 0.08 c0.18 0.04
v/c Ratio 0.49 0.81 0.06 0.62 0.61 0.04 0.36 0.80 0.16 0.06
Uniform Delay, d1 40.2 19.4 12.3 36.4 13.4 9.1 28.6 31.9 27.2 26.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 2.8 0.0 2.1 0.4 0.0 0.3 6.5 0.1 0.0
Delay (s) 41.8 22.2 12.3 38.5 13.8 9.2 28.8 38.4 27.3 26.6
Level of Service D C B D B A C D C C
Approach Delay (s) 22.1 17.7 36.7 26.9
Approach LOS C B D C

Intersection Summary
HCM Average Control Delay 22.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 87.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 71.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1710 40 20 470 0 0 0 0 50 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1800 42 21 495 0 0 0 0 53 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.65 0.65 0.65 0.65 0.65 0.65
vC, conflicting volume 495 1842 2111 2358 921 1437 2379 247
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 495 1229 1639 2018 0 608 2050 247
tC, single (s) 4.1 4.3 7.5 6.5 6.9 7.7 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.3 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 94 100 100 100 77 100 100
cM capacity (veh/h) 1079 340 42 36 713 226 35 750

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 1200 642 21 247 247 53 0
Volume Left 0 0 21 0 0 53 0
Volume Right 0 42 0 0 0 0 0
cSH 1700 1700 340 1700 1700 226 1700
Volume to Capacity 0.71 0.38 0.06 0.15 0.15 0.23 0.00
Queue Length 95th (ft) 0 0 5 0 0 22 0
Control Delay (s) 0.0 0.0 16.3 0.0 0.0 25.7 0.0
Lane LOS C D A
Approach Delay (s) 0.0 0.7 25.7
Approach LOS D

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 58.5% ICU Level of Service B
Analysis Period (min) 15

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 350 0 0 350 130 150 0 90 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 398 0 0 398 148 170 0 102 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 398 869 943 199 773 869 472
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 398 869 943 199 773 869 472
tC, single (s) 4.1 4.1 7.7 6.5 7.0 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 28 100 87 100 100 100
cM capacity (veh/h) 1034 1172 236 265 803 255 292 544

Direction, Lane # EB 1 EB 2 WB 1 NB 1
Volume Total 199 199 545 273
Volume Left 0 0 0 170
Volume Right 0 0 148 102
cSH 1700 1700 1700 321
Volume to Capacity 0.12 0.12 0.32 0.85
Queue Length 95th (ft) 0 0 0 188
Control Delay (s) 0.0 0.0 0.0 55.9
Lane LOS F
Approach Delay (s) 0.0 0.0 55.9
Approach LOS F

Intersection Summary
Average Delay 12.5
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
10: Sante Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 40 90 260 70 120 190
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1583 3382 1770 3471
Flt Permitted 0.95 1.00 1.00 0.54 1.00
Satd. Flow (perm) 1752 1583 3382 1005 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 97 280 75 129 204
RTOR Reduction (vph) 0 89 16 0 0 0
Lane Group Flow (vph) 43 8 339 0 129 204
Heavy Vehicles (%) 3% 2% 4% 1% 2% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.4 6.4 58.6 58.6 58.6
Effective Green, g (s) 6.4 6.4 58.6 58.6 58.6
Actuated g/C Ratio 0.09 0.09 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 150 135 2642 785 2712
v/s Ratio Prot c0.02 0.10 0.06
v/s Ratio Perm 0.01 c0.13
v/c Ratio 0.29 0.06 0.13 0.16 0.08
Uniform Delay, d1 32.2 31.5 2.0 2.1 1.9
Progression Factor 1.00 1.00 1.00 0.62 0.51
Incremental Delay, d2 1.1 0.2 0.1 0.4 0.1
Delay (s) 33.2 31.7 2.1 1.7 1.0
Level of Service C C A A A
Approach Delay (s) 32.2 2.1 1.3
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.18
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 10 60 250 0 5 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 13 76 316 0 6 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 595 316 601 589 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 595 316 601 589 108 114 316
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 94 100 97 98 99 95 99
cM capacity (veh/h) 385 396 729 378 400 925 1469 1255

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 392 120
Volume Left 0 13 76 6
Volume Right 0 13 0 13
cSH 396 502 1469 1255
Volume to Capacity 0.06 0.06 0.05 0.01
Queue Length 95th (ft) 5 5 4 0
Control Delay (s) 14.7 12.7 1.9 0.5
Lane LOS B B A A
Approach Delay (s) 14.7 12.7 1.9 0.5
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 5 10 5 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 5 11 5 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 22 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.13 -0.10 -0.04 -0.10
Departure Headway (s) 3.9 3.9 4.0 3.9
Degree Utilization, x 0.02 0.02 0.03 0.02
Capacity (veh/h) 907 902 887 907
Control Delay (s) 7.0 7.0 7.1 7.0
Approach Delay (s) 7.0 7.0 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 310 10 0 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 392 13 0 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 509 104 509 506 399 108 405
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 509 104 509 506 399 108 405
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 100 97 97 99 100 100
cM capacity (veh/h) 459 470 956 468 472 655 1496 1165

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 405 108
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 466 498 1496 1165
Volume to Capacity 0.04 0.06 0.00 0.00
Queue Length 95th (ft) 3 5 0 0
Control Delay (s) 13.1 12.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.1 12.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 26.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 10 5 5 20 10 5 5 5 5 5 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 11 5 5 22 11 5 5 5 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 33 16 54 57 14 60 54 27
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 33 16 54 57 14 60 54 27
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 100
cM capacity (veh/h) 1592 1614 942 835 1072 929 838 1054

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 16 38 16 11
Volume Left 0 5 5 5
Volume Right 5 11 5 0
cSH 1592 1614 940 881
Volume to Capacity 0.00 0.00 0.02 0.01
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 1.1 8.9 9.1
Lane LOS A A A
Approach Delay (s) 0.0 1.1 8.9 9.1
Approach LOS A A

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 16.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 40 10 80 110 20 90 20 410 40 30 340 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 45 11 90 124 22 101 22 461 45 34 382 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 848 1011 202 882 1000 253 404 506
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 848 1011 202 882 1000 253 404 506
tC, single (s) 7.5 6.5 6.9 7.5 6.5 6.9 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 77 95 89 38 90 87 98 97
cM capacity (veh/h) 199 229 811 201 233 753 1165 1069

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 NB 3 SB 1 SB 2 SB 3
Volume Total 45 101 124 124 22 307 199 34 255 150
Volume Left 45 0 124 0 22 0 0 34 0 0
Volume Right 0 90 0 101 0 0 45 0 0 22
cSH 199 633 201 535 1165 1700 1700 1069 1700 1700
Volume to Capacity 0.23 0.16 0.62 0.23 0.02 0.18 0.12 0.03 0.15 0.09
Queue Length 95th (ft) 21 14 88 22 1 0 0 2 0 0
Control Delay (s) 28.3 11.8 48.0 13.7 8.2 0.0 0.0 8.5 0.0 0.0
Lane LOS D B E B A A
Approach Delay (s) 16.9 30.9 0.3 0.7
Approach LOS C D

Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 38.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 5 10 310 0 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 7 13 408 0 7 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 566 408 582 566 118 118 408
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 566 408 582 566 118 118 408
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 412 430 648 409 430 939 1482 1162

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 20 421 125
Volume Left 7 0 13 7
Volume Right 13 7 0 0
cSH 510 525 1482 1162
Volume to Capacity 0.05 0.04 0.01 0.01
Queue Length 95th (ft) 4 3 1 0
Control Delay (s) 12.4 12.1 0.3 0.5
Lane LOS B B A A
Approach Delay (s) 12.4 12.1 0.3 0.5
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 320 5 0 90 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 416 6 0 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 542 120 552 542 419 123 422
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 542 120 552 542 419 123 422
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 447 450 937 435 450 639 1476 1148

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 422 123
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 501 639 1476 1148
Volume to Capacity 0.06 0.01 0.00 0.00
Queue Length 95th (ft) 5 1 0 0
Control Delay (s) 12.7 10.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.7 10.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 10 10 10 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 11 11 11 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 49 16 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 49 16 22
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 99
cM capacity (veh/h) 959 1069 1607

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 22 22
Volume Left 5 0 11
Volume Right 11 11 0
cSH 1029 1700 1607
Volume to Capacity 0.02 0.01 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 8.6 0.0 3.7
Lane LOS A A
Approach Delay (s) 8.6 0.0 3.7
Approach LOS A

Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 17.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 20 5 5 10 5 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 22 5 5 11 5 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 27 68 62 24 68 62 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 27 68 62 24 68 62 14
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1614 1600 916 827 1058 915 827 1072

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 33 22 16 16
Volume Left 5 5 5 5
Volume Right 5 5 5 5
cSH 1614 1600 924 927
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 1.2 1.8 9.0 9.0
Lane LOS A A A A
Approach Delay (s) 1.2 1.8 9.0 9.0
Approach LOS A A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
20: W 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 5 20 10 5 10 10 240 5 5 480 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1538 1760 3358 3538 1346
Flt Permitted 0.98 1.00 1.00 0.88 0.94 0.95 1.00
Satd. Flow (perm) 1856 1900 1538 1581 3154 3374 1346
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 5 5 21 11 5 11 11 253 5 5 505 5
RTOR Reduction (vph) 0 0 20 0 10 0 0 1 0 0 0 1
Lane Group Flow (vph) 5 5 1 0 17 0 0 268 0 0 510 4
Heavy Vehicles (%) 0% 0% 5% 0% 0% 0% 10% 7% 0% 0% 2% 20%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 4.4 4.4 4.4 4.4 80.6 80.6 80.6
Effective Green, g (s) 4.4 4.4 4.4 4.4 80.6 80.6 80.6
Actuated g/C Ratio 0.05 0.05 0.05 0.05 0.90 0.90 0.90
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 91 93 75 77 2825 3022 1205
v/s Ratio Prot 0.00
v/s Ratio Perm 0.00 0.00 c0.01 0.09 c0.15 0.00
v/c Ratio 0.05 0.05 0.01 0.21 0.10 0.17 0.00
Uniform Delay, d1 40.8 40.8 40.7 41.1 0.5 0.6 0.5
Progression Factor 1.00 1.00 1.00 1.00 0.63 1.00 1.00
Incremental Delay, d2 0.3 0.2 0.1 1.4 0.1 0.1 0.0
Delay (s) 41.1 41.1 40.8 42.5 0.4 0.7 0.5
Level of Service D D D D A A A
Approach Delay (s) 40.9 42.5 0.4 0.7
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 3.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.17
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 60 10 190 0 0 480 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1380 1826 1863 1538
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1671 1380 1790 1863 1538
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 64 11 202 0 0 511 43
RTOR Reduction (vph) 0 0 0 0 0 59 0 0 0 0 0 6
Lane Group Flow (vph) 0 0 0 43 0 5 0 213 0 0 511 37
Heavy Vehicles (%) 0% 0% 0% 8% 0% 17% 0% 4% 0% 0% 2% 5%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 6.7 6.7 78.3 78.3 78.3
Effective Green, g (s) 6.7 6.7 78.3 78.3 78.3
Actuated g/C Ratio 0.07 0.07 0.87 0.87 0.87
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 124 103 1557 1621 1338
v/s Ratio Prot c0.03 c0.27
v/s Ratio Perm 0.00 0.12 0.02
v/c Ratio 0.35 0.05 0.14 0.32 0.03
Uniform Delay, d1 39.6 38.7 0.9 1.0 0.8
Progression Factor 1.00 1.00 1.46 0.72 0.30
Incremental Delay, d2 1.7 0.2 0.2 0.5 0.0
Delay (s) 41.3 38.9 1.4 1.3 0.3
Level of Service D D A A A
Approach Delay (s) 0.0 39.8 1.4 1.2
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 6.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 35.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 130 180 410 110 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1757 1696 1792
Flt Permitted 0.96 1.00 0.56
Satd. Flow (perm) 1757 1696 1049
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 0 11 0 0 0 0 143 198 451 121 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 31 0 0 0 0
Lane Group Flow (vph) 0 94 0 0 0 0 0 310 0 0 572 0
Heavy Vehicles (%) 1% 0% 10% 0% 0% 0% 0% 5% 2% 2% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 8.9 76.1 76.1
Effective Green, g (s) 8.9 76.1 76.1
Actuated g/C Ratio 0.10 0.85 0.85
Clearance Time (s) 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 174 1434 887
v/s Ratio Prot 0.18
v/s Ratio Perm 0.05 c0.55
v/c Ratio 0.54 0.22 0.64
Uniform Delay, d1 38.6 1.3 2.4
Progression Factor 1.00 1.00 1.06
Incremental Delay, d2 3.2 0.3 3.5
Delay (s) 41.8 1.7 6.0
Level of Service D A A
Approach Delay (s) 41.8 0.0 1.7 6.0
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 8.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 61.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 300 0 5 130
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 323 0 5 140
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 473 323 323
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 473 323 323
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 99 100
cM capacity (veh/h) 551 723 1143

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 323 145
Volume Left 0 0 5
Volume Right 11 0 0
cSH 723 1700 1143
Volume to Capacity 0.01 0.19 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.1 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.1 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 390 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 390 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.2 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.2 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 60 30 10 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 71 36 12 6 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 48 125 42
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 48 125 42
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1573 871 1035

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 77 48 6
Volume Left 6 0 6
Volume Right 0 12 0
cSH 1573 1700 871
Volume to Capacity 0.00 0.03 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 0.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 60 20 10 5 20 40 10 230 10 30 60 30
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 67 22 11 6 22 45 11 258 11 34 67 34

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 101 73 281 135
Volume Left (vph) 67 6 11 34
Volume Right (vph) 11 45 11 34
Hadj (s) 0.11 -0.32 0.03 -0.07
Departure Headway (s) 5.1 4.7 4.5 4.6
Degree Utilization, x 0.14 0.10 0.35 0.17
Capacity (veh/h) 645 687 762 734
Control Delay (s) 8.9 8.2 10.0 8.6
Approach Delay (s) 8.9 8.2 10.0 8.6
Approach LOS A A B A

Intersection Summary
Delay 9.3
HCM Level of Service A
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 350 1420 0 490 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 393 1596 0 551 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1989 669 197
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1989 669 197
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 294 396 818

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 197 197 1596 275 275
Volume Left 0 0 0 0 0
Volume Right 0 0 1596 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.12 0.12 0.94 0.16 0.16
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

2010 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 20 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 24 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 611 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 611 617 352 642 590 90
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 94 99
cM capacity (veh/h) 1449 1214 370 384 696 295 396 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 145
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 393 328
Volume to Capacity 0.05 0.00 0.28 0.44
Queue Length 95th (ft) 4 0 28 54
Control Delay (s) 1.7 0.0 17.6 24.4
Lane LOS A C C
Approach Delay (s) 1.7 0.0 17.6 24.4
Approach LOS C C

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 45.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 550 60 100 210 100 70 320 190 140 200 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3393 3188 1805 1725 1736 1808
Flt Permitted 0.89 0.63 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3043 2020 1144 1725 460 1808
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 632 69 115 241 115 80 368 218 161 230 23
RTOR Reduction (vph) 0 16 0 0 64 0 0 31 0 0 5 0
Lane Group Flow (vph) 0 731 0 0 407 0 80 555 0 161 248 0
Heavy Vehicles (%) 3% 5% 2% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.7 17.7 19.4 19.4 19.4 19.4
Effective Green, g (s) 17.7 17.7 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.36 0.36 0.40 0.40 0.40 0.40
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1104 733 455 686 183 719
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.24 0.20 0.07 c0.35
v/c Ratio 0.66 0.55 0.18 0.81 0.88 0.34
Uniform Delay, d1 13.0 12.4 9.5 13.1 13.6 10.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.9 0.2 7.0 34.7 0.3
Delay (s) 14.5 13.3 9.7 20.0 48.3 10.5
Level of Service B B A C D B
Approach Delay (s) 14.5 13.3 18.8 25.2
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 870 10 10 380 40 10 5 20 70 5 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.92 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3615 3467 1817 1853
Flt Permitted 0.94 0.93 0.91 0.76
Satd. Flow (perm) 3407 3238 1677 1458
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 935 11 11 409 43 11 5 22 75 5 22
RTOR Reduction (vph) 0 1 0 0 7 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 967 0 0 456 0 0 19 0 0 83 0
Heavy Vehicles (%) 0% 5% 0% 0% 9% 0% 0% 0% 0% 0% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 30.9 30.9 6.1 6.1
Effective Green, g (s) 30.9 30.9 6.1 6.1
Actuated g/C Ratio 0.67 0.67 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2289 2175 222 193
v/s Ratio Prot
v/s Ratio Perm c0.28 0.14 0.01 c0.06
v/c Ratio 0.42 0.21 0.09 0.43
Uniform Delay, d1 3.5 2.9 17.5 18.3
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.2 1.5
Delay (s) 3.6 2.9 17.7 19.9
Level of Service A A B B
Approach Delay (s) 3.6 2.9 17.7 19.9
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 46.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 950 10 10 380 50 5 5 20 90 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3459 3287 1605 1737
Flt Permitted 0.93 0.93 0.95 0.77
Satd. Flow (perm) 3234 3062 1530 1378
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 32 1022 11 11 409 54 5 5 22 97 5 32
RTOR Reduction (vph) 0 1 0 0 14 0 0 18 0 0 24 0
Lane Group Flow (vph) 0 1064 0 0 460 0 0 14 0 0 110 0
Heavy Vehicles (%) 7% 4% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.0 8.0
Effective Green, g (s) 33.0 33.0 8.0 8.0
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2134 2021 245 220
v/s Ratio Prot
v/s Ratio Perm c0.33 0.15 0.01 c0.08
v/c Ratio 0.50 0.23 0.06 0.50
Uniform Delay, d1 4.3 3.4 17.8 19.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.1 0.1 1.8
Delay (s) 4.5 3.5 17.9 20.9
Level of Service A A B C
Approach Delay (s) 4.5 3.5 17.9 20.9
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 50.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 910 130 40 290 160 120 120 110 430 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3619 1568 1752 3282 1583 1752 3505 1538 3400 3505 1553
Flt Permitted 0.55 1.00 1.00 0.21 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1011 3619 1568 379 3282 1583 1752 3505 1538 3400 3505 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 66 1000 143 44 319 176 132 132 121 473 165 55
RTOR Reduction (vph) 0 0 74 0 0 93 0 0 99 0 0 48
Lane Group Flow (vph) 66 1000 69 44 319 83 132 132 22 473 165 7
Heavy Vehicles (%) 3% 5% 3% 3% 10% 2% 3% 3% 5% 3% 3% 4%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 45.3 43.3 43.3 43.7 42.5 42.5 11.1 5.5 5.5 17.0 11.4 11.4
Effective Green, g (s) 45.3 43.3 43.3 43.7 42.5 42.5 11.1 5.5 5.5 17.0 11.4 11.4
Actuated g/C Ratio 0.50 0.48 0.48 0.49 0.47 0.47 0.12 0.06 0.06 0.19 0.13 0.13
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 525 1741 754 202 1550 748 216 214 94 642 444 197
v/s Ratio Prot 0.00 c0.28 c0.00 0.10 0.08 c0.04 c0.14 0.05
v/s Ratio Perm 0.06 0.04 0.10 0.05 0.01 0.00
v/c Ratio 0.13 0.57 0.09 0.22 0.21 0.11 0.61 0.62 0.24 0.74 0.37 0.04
Uniform Delay, d1 11.5 16.7 12.7 13.1 13.9 13.2 37.4 41.2 40.3 34.4 36.0 34.5
Progression Factor 1.00 1.00 1.00 0.66 0.62 0.21 0.94 0.96 0.90 1.00 1.00 1.00
Incremental Delay, d2 0.0 1.4 0.2 0.2 0.3 0.3 3.5 3.7 0.5 3.8 0.2 0.0
Delay (s) 11.6 18.1 12.9 8.8 8.9 3.1 38.6 43.4 36.5 38.2 36.2 34.5
Level of Service B B B A A A D D D D D C
Approach Delay (s) 17.2 7.0 39.6 37.4
Approach LOS B A D D

Intersection Summary
HCM Average Control Delay 23.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 40 10 1240 210 10 470
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1615 3654 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1615 3654 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 41 10 1278 216 10 485
RTOR Reduction (vph) 0 9 0 84 0 0
Lane Group Flow (vph) 41 1 1278 132 10 485
Heavy Vehicles (%) 3% 0% 4% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 12.7 12.7 61.9 12.7 1.4 67.3
Effective Green, g (s) 12.7 12.7 61.9 12.7 1.4 67.3
Actuated g/C Ratio 0.14 0.14 0.69 0.14 0.02 0.75
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 247 228 2513 221 28 2655
v/s Ratio Prot 0.02 c0.35 c0.08 0.01 c0.14
v/s Ratio Perm 0.00
v/c Ratio 0.17 0.01 0.51 0.60 0.36 0.18
Uniform Delay, d1 34.0 33.2 6.7 36.2 43.9 3.3
Progression Factor 1.00 1.00 0.89 0.87 1.06 0.51
Incremental Delay, d2 0.3 0.0 0.6 3.7 6.8 0.1
Delay (s) 34.3 33.2 6.6 35.2 53.2 1.8
Level of Service C C A D D A
Approach Delay (s) 34.1 10.8 2.9
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 9.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 46.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1270 90 230 1100 60 80 20 450 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3689 1615 1827 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.68 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3689 1615 1387 2842 1262 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1427 101 258 1236 67 90 22 506 45 11 45
RTOR Reduction (vph) 0 0 44 0 0 24 0 0 0 0 39 0
Lane Group Flow (vph) 45 1427 57 258 1236 43 0 112 506 45 17 0
Heavy Vehicles (%) 0% 3% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 4.8 50.4 50.4 12.6 58.2 58.2 11.4 28.0 11.4 11.4
Effective Green, g (s) 4.8 50.4 50.4 12.6 58.2 58.2 11.4 24.0 11.4 11.4
Actuated g/C Ratio 0.05 0.56 0.56 0.14 0.65 0.65 0.13 0.27 0.13 0.13
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 96 2066 904 481 2386 1044 176 758 160 203
v/s Ratio Prot 0.02 c0.39 0.08 0.34 c0.18 0.01
v/s Ratio Perm 0.04 0.03 0.08 0.04
v/c Ratio 0.47 0.69 0.06 0.54 0.52 0.04 0.64 0.67 0.28 0.08
Uniform Delay, d1 41.4 14.2 9.0 36.0 8.4 5.8 37.3 29.4 35.6 34.7
Progression Factor 1.07 1.16 2.02 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 1.8 0.1 0.6 0.8 0.1 5.4 1.7 0.4 0.1
Delay (s) 45.4 18.2 18.3 36.6 9.3 5.8 42.8 31.2 35.9 34.7
Level of Service D B B D A A D C D C
Approach Delay (s) 19.0 13.6 33.3 35.3
Approach LOS B B C D

Intersection Summary
HCM Average Control Delay 19.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 71.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1710 40 20 470 0 0 0 0 50 0 920
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1800 42 21 495 0 0 0 0 53 0 968
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 74
Lane Group Flow (vph) 0 1840 0 21 495 0 0 0 0 53 0 894
Heavy Vehicles (%) 0% 2% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom custom
Protected Phases 5 2 1 6 5
Permitted Phases 4 4
Actuated Green, G (s) 32.8 1.4 13.2 2.8 23.8
Effective Green, g (s) 32.8 1.4 13.2 2.8 23.8
Actuated g/C Ratio 0.63 0.03 0.25 0.05 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2216 44 936 88 1529
v/s Ratio Prot c0.52 0.01 c0.13 c0.24
v/s Ratio Perm 0.03 0.09
v/c Ratio 0.83 0.48 0.53 0.60 0.58
Uniform Delay, d1 7.4 24.9 16.7 24.1 10.4
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.8 7.9 2.1 11.1 0.6
Delay (s) 11.2 32.9 18.9 35.1 11.0
Level of Service B C B D B
Approach Delay (s) 11.2 19.4 0.0 12.3
Approach LOS B B A B

Intersection Summary
HCM Average Control Delay 12.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 52.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 350 0 0 350 130 150 5 90 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.96 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1807 1648
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1807 1648
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 398 0 0 398 148 170 6 102 0 0 0
RTOR Reduction (vph) 0 0 0 0 28 0 0 61 0 0 0 0
Lane Group Flow (vph) 0 398 0 0 518 0 0 217 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 1% 2% 8% 0% 4% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 19.5 19.5 10.5
Effective Green, g (s) 19.5 19.5 10.5
Actuated g/C Ratio 0.49 0.49 0.26
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1816 881 433
v/s Ratio Prot 0.11 c0.29
v/s Ratio Perm 0.13
v/c Ratio 0.22 0.59 0.50
Uniform Delay, d1 5.9 7.4 12.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.3 2.9 0.9
Delay (s) 6.2 10.2 13.4
Level of Service A B B
Approach Delay (s) 6.2 10.2 13.4 0.0
Approach LOS A B B A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 40.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
10: Sante Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 40 90 260 70 120 190
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1583 3382 1770 3471
Flt Permitted 0.95 1.00 1.00 0.54 1.00
Satd. Flow (perm) 1752 1583 3382 1005 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 97 280 75 129 204
RTOR Reduction (vph) 0 90 14 0 0 0
Lane Group Flow (vph) 43 7 341 0 129 204
Heavy Vehicles (%) 3% 2% 4% 1% 2% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.5 6.5 73.5 73.5 73.5
Effective Green, g (s) 6.5 6.5 73.5 73.5 73.5
Actuated g/C Ratio 0.07 0.07 0.82 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 127 114 2762 821 2835
v/s Ratio Prot c0.02 0.10 0.06
v/s Ratio Perm 0.00 c0.13
v/c Ratio 0.34 0.06 0.12 0.16 0.07
Uniform Delay, d1 39.7 38.9 1.7 1.7 1.6
Progression Factor 1.00 1.00 1.00 0.73 0.55
Incremental Delay, d2 1.6 0.2 0.1 0.4 0.0
Delay (s) 41.3 39.1 1.8 1.7 0.9
Level of Service D D A A A
Approach Delay (s) 39.8 1.8 1.2
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 8.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.17
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 10 60 250 0 5 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 13 76 316 0 6 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 595 316 601 589 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 595 316 601 589 108 114 316
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 94 100 97 98 99 95 99
cM capacity (veh/h) 385 396 729 378 400 925 1469 1255

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 392 120
Volume Left 0 13 76 6
Volume Right 0 13 0 13
cSH 396 502 1469 1255
Volume to Capacity 0.06 0.06 0.05 0.01
Queue Length 95th (ft) 5 5 4 0
Control Delay (s) 14.7 12.7 1.9 0.5
Lane LOS B B A A
Approach Delay (s) 14.7 12.7 1.9 0.5
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 5 10 5 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 5 11 5 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 22 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.13 -0.10 -0.04 -0.10
Departure Headway (s) 3.9 3.9 4.0 3.9
Degree Utilization, x 0.02 0.02 0.03 0.02
Capacity (veh/h) 907 902 887 907
Control Delay (s) 7.0 7.0 7.1 7.0
Approach Delay (s) 7.0 7.0 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 5 10 10 5 0 310 10 0 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 6 13 13 6 0 392 13 0 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 509 104 516 506 399 108 405
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 509 104 516 506 399 108 405
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 99 97 97 99 100 100
cM capacity (veh/h) 459 470 956 460 472 655 1496 1165

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 25 32 405 108
Volume Left 6 13 0 0
Volume Right 6 6 13 6
cSH 534 494 1496 1165
Volume to Capacity 0.05 0.06 0.00 0.00
Queue Length 95th (ft) 4 5 0 0
Control Delay (s) 12.1 12.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.1 12.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 26.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 10 5 5 20 10 5 5 5 5 5 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 11 5 5 22 11 5 5 5 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 33 16 54 57 14 60 54 27
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 33 16 54 57 14 60 54 27
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 100
cM capacity (veh/h) 1592 1614 942 835 1072 929 838 1054

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 16 38 16 11
Volume Left 0 5 5 5
Volume Right 5 11 5 0
cSH 1592 1614 940 881
Volume to Capacity 0.00 0.00 0.02 0.01
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 1.1 8.9 9.1
Lane LOS A A A
Approach Delay (s) 0.0 1.1 8.9 9.1
Approach LOS A A

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 16.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 10 80 110 20 90 20 410 40 30 340 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.87 1.00 0.88 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1646 1805 1666 1805 3437 1805 3482
Flt Permitted 0.68 1.00 0.69 1.00 0.51 1.00 0.47 1.00
Satd. Flow (perm) 1288 1646 1314 1666 977 3437 885 3482
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 11 90 124 22 101 22 461 45 34 382 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 101 0 124 123 0 22 506 0 34 404 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.0 7.0 7.0 7.0 13.1 13.1 13.1 13.1
Effective Green, g (s) 7.0 7.0 7.0 7.0 13.1 13.1 13.1 13.1
Actuated g/C Ratio 0.23 0.23 0.23 0.23 0.44 0.44 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 300 383 306 387 425 1496 385 1515
v/s Ratio Prot 0.06 0.07 c0.15 0.12
v/s Ratio Perm 0.03 c0.09 0.02 0.04
v/c Ratio 0.15 0.26 0.41 0.32 0.05 0.34 0.09 0.27
Uniform Delay, d1 9.2 9.4 9.8 9.6 4.9 5.6 5.0 5.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.4 0.9 0.5 0.1 0.1 0.1 0.1
Delay (s) 9.4 9.8 10.7 10.0 5.0 5.8 5.1 5.5
Level of Service A A B B A A A A
Approach Delay (s) 9.7 10.4 5.7 5.5
Approach LOS A B A A

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 30.1 Sum of lost time (s) 10.0
Intersection Capacity Utilization 43.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 5 10 310 0 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 7 13 408 0 7 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 566 408 582 566 118 118 408
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 566 408 582 566 118 118 408
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 412 430 648 409 430 939 1482 1162

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 20 421 125
Volume Left 7 0 13 7
Volume Right 13 7 0 0
cSH 510 525 1482 1162
Volume to Capacity 0.05 0.04 0.01 0.01
Queue Length 95th (ft) 4 3 1 0
Control Delay (s) 12.4 12.1 0.3 0.5
Lane LOS B B A A
Approach Delay (s) 12.4 12.1 0.3 0.5
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 320 5 0 90 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 416 6 0 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 542 120 552 542 419 123 422
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 542 120 552 542 419 123 422
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 447 450 937 435 450 639 1476 1148

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 422 123
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 501 639 1476 1148
Volume to Capacity 0.06 0.01 0.00 0.00
Queue Length 95th (ft) 5 1 0 0
Control Delay (s) 12.7 10.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.7 10.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 10 10 10 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 11 11 11 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 49 16 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 49 16 22
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 99
cM capacity (veh/h) 959 1069 1607

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 22 22
Volume Left 5 0 11
Volume Right 11 11 0
cSH 1029 1700 1607
Volume to Capacity 0.02 0.01 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 8.6 0.0 3.7
Lane LOS A A
Approach Delay (s) 8.6 0.0 3.7
Approach LOS A

Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 17.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 20 5 5 10 5 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 22 5 5 11 5 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 27 68 62 24 68 62 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 27 68 62 24 68 62 14
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1614 1600 916 827 1058 915 827 1072

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 33 22 16 16
Volume Left 5 5 5 5
Volume Right 5 5 5 5
cSH 1614 1600 924 927
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 1.2 1.8 9.0 9.0
Lane LOS A A A A
Approach Delay (s) 1.2 1.8 9.0 9.0
Approach LOS A A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
20: W 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 5 20 10 5 10 10 240 5 5 480 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1538 1760 3358 3538 1346
Flt Permitted 1.00 1.00 1.00 0.94 0.94 0.95 1.00
Satd. Flow (perm) 1900 1900 1538 1685 3151 3373 1346
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 5 5 21 11 5 11 11 253 5 5 505 5
RTOR Reduction (vph) 0 0 20 0 11 0 0 1 0 0 0 1
Lane Group Flow (vph) 5 5 1 0 16 0 0 268 0 0 510 4
Heavy Vehicles (%) 0% 0% 5% 0% 0% 0% 10% 7% 0% 0% 2% 20%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 3.0 3.0 3.0 3.0 57.0 57.0 57.0
Effective Green, g (s) 3.0 3.0 3.0 3.0 57.0 57.0 57.0
Actuated g/C Ratio 0.04 0.04 0.04 0.04 0.81 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 81 81 66 72 2566 2747 1096
v/s Ratio Prot 0.00
v/s Ratio Perm 0.00 0.00 c0.01 0.09 c0.15 0.00
v/c Ratio 0.06 0.06 0.01 0.23 0.10 0.19 0.00
Uniform Delay, d1 32.1 32.1 32.1 32.4 1.3 1.4 1.2
Progression Factor 1.00 1.00 1.00 1.00 0.75 1.00 1.00
Incremental Delay, d2 0.3 0.3 0.1 1.6 0.1 0.1 0.0
Delay (s) 32.5 32.5 32.2 34.0 1.1 1.6 1.2
Level of Service C C C C A A A
Approach Delay (s) 32.3 34.0 1.1 1.6
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 3.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.19
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 37.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 60 10 190 0 0 480 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1380 1826 1863 1538
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1671 1380 1787 1863 1538
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 64 11 202 0 0 511 43
RTOR Reduction (vph) 0 0 0 0 0 58 0 0 0 0 0 10
Lane Group Flow (vph) 0 0 0 43 0 6 0 213 0 0 511 33
Heavy Vehicles (%) 0% 0% 0% 8% 0% 17% 0% 4% 0% 0% 2% 5%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 6.4 6.4 53.6 53.6 53.6
Effective Green, g (s) 6.4 6.4 53.6 53.6 53.6
Actuated g/C Ratio 0.09 0.09 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 153 126 1368 1427 1178
v/s Ratio Prot c0.03 c0.27
v/s Ratio Perm 0.00 0.12 0.02
v/c Ratio 0.28 0.05 0.16 0.36 0.03
Uniform Delay, d1 29.7 29.0 2.2 2.6 2.0
Progression Factor 1.00 1.00 0.76 0.94 0.83
Incremental Delay, d2 1.0 0.2 0.2 0.7 0.0
Delay (s) 30.7 29.2 1.9 3.2 1.7
Level of Service C C A A A
Approach Delay (s) 0.0 29.8 1.9 3.1
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 6.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 130 180 410 110 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1757 1696 1792
Flt Permitted 0.96 1.00 0.57
Satd. Flow (perm) 1757 1696 1060
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 0 11 0 0 0 0 143 198 451 121 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 44 0 0 0 0
Lane Group Flow (vph) 0 93 0 0 0 0 0 297 0 0 572 0
Heavy Vehicles (%) 1% 0% 10% 0% 0% 0% 0% 5% 2% 2% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 54.4 54.4
Effective Green, g (s) 5.6 54.4 54.4
Actuated g/C Ratio 0.08 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 141 1318 824
v/s Ratio Prot 0.18
v/s Ratio Perm 0.05 c0.54
v/c Ratio 0.66 0.23 0.69
Uniform Delay, d1 31.3 2.1 3.8
Progression Factor 1.00 1.00 0.82
Incremental Delay, d2 10.5 0.4 4.6
Delay (s) 41.8 2.5 7.7
Level of Service D A A
Approach Delay (s) 41.8 0.0 2.5 7.7
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 300 0 5 130
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 323 0 5 140
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 473 323 323
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 473 323 323
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 99 100
cM capacity (veh/h) 551 723 1143

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 323 145
Volume Left 0 0 5
Volume Right 11 0 0
cSH 723 1700 1143
Volume to Capacity 0.01 0.19 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.1 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.1 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 390 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 390 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.2 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.2 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 60 30 10 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 71 36 12 6 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 48 125 42
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 48 125 42
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1573 871 1035

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 77 48 6
Volume Left 6 0 6
Volume Right 0 12 0
cSH 1573 1700 871
Volume to Capacity 0.00 0.03 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 0.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 60 20 10 5 20 40 10 230 10 30 60 30
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 67 22 11 6 22 45 11 258 11 34 67 34

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 101 73 281 135
Volume Left (vph) 67 6 11 34
Volume Right (vph) 11 45 11 34
Hadj (s) 0.11 -0.32 0.03 -0.07
Departure Headway (s) 5.1 4.7 4.5 4.6
Degree Utilization, x 0.14 0.10 0.35 0.17
Capacity (veh/h) 645 687 762 734
Control Delay (s) 8.9 8.2 10.0 8.6
Approach Delay (s) 8.9 8.2 10.0 8.6
Approach LOS A A B A

Intersection Summary
Delay 9.3
HCM Level of Service A
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 350 1420 0 490 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 393 1596 0 551 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1989 669 197
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1989 669 197
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 294 396 818

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 197 197 1596 275 275
Volume Left 0 0 0 0 0
Volume Right 0 0 1596 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.12 0.12 0.94 0.16 0.16
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 398 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 450 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.8 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.8 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3301 3389 1770 1694 1736 1773
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2837 2650 1158 1694 813 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 38 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1180 0 69 273 0 161 201 0
Heavy Vehicles (%) 0% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.6 27.6 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.6 27.6 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1437 1342 323 472 227 494
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.71 0.41
Uniform Delay, d1 7.6 12.0 15.1 16.9 17.7 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 6.9 0.3 1.7 9.7 0.5
Delay (s) 7.7 18.9 15.4 18.6 27.4 16.5
Level of Service A B B B C B
Approach Delay (s) 7.7 18.9 18.1 21.1
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.5 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 560 20 30 1030 40 20 10 40 60 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 0.99 0.99 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3574 3702 1765 1842
Flt Permitted 0.93 0.93 0.90 0.81
Satd. Flow (perm) 3337 3444 1606 1544
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 602 22 32 1108 43 22 11 43 65 11 32
RTOR Reduction (vph) 0 2 0 0 3 0 0 36 0 0 27 0
Lane Group Flow (vph) 0 633 0 0 1180 0 0 40 0 0 81 0
Heavy Vehicles (%) 0% 6% 0% 3% 2% 0% 5% 0% 3% 2% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.2 8.2
Effective Green, g (s) 33.0 33.0 8.2 8.2
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2194 2264 262 252
v/s Ratio Prot
v/s Ratio Perm 0.19 c0.34 0.02 c0.05
v/c Ratio 0.29 0.52 0.15 0.32
Uniform Delay, d1 3.6 4.5 18.0 18.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.3 0.7
Delay (s) 3.7 4.7 18.3 19.3
Level of Service A A B B
Approach Delay (s) 3.7 4.7 18.3 19.3
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 50.2 Sum of lost time (s) 9.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 660 5 20 1120 30 10 5 20 40 10 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.98
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3436 3526 1678 1797
Flt Permitted 0.93 0.94 0.89 0.78
Satd. Flow (perm) 3213 3313 1509 1444
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 710 5 22 1204 32 11 5 22 43 11 11
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 10 0
Lane Group Flow (vph) 0 725 0 0 1256 0 0 18 0 0 55 0
Heavy Vehicles (%) 0% 5% 0% 0% 2% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.8 35.8 5.0 5.0
Effective Green, g (s) 35.8 35.8 5.0 5.0
Actuated g/C Ratio 0.72 0.72 0.10 0.10
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2310 2382 152 145
v/s Ratio Prot
v/s Ratio Perm 0.23 c0.38 0.01 c0.04
v/c Ratio 0.31 0.53 0.12 0.38
Uniform Delay, d1 2.5 3.2 20.4 21.0
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.4 1.7
Delay (s) 2.6 3.4 20.8 22.6
Level of Service A A C C
Approach Delay (s) 2.6 3.4 20.8 22.6
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 49.8 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 110 400 220 170 930 520 130 160 50 250 210 90
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3585 1583 1770 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.17 1.00 1.00 0.46 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 322 3585 1583 855 3539 1583 1770 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 121 440 242 187 1022 571 143 176 55 275 231 99
RTOR Reduction (vph) 0 0 151 0 0 341 0 0 49 0 0 88
Lane Group Flow (vph) 121 440 91 187 1022 230 143 176 6 275 231 11
Heavy Vehicles (%) 3% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 33.1 28.3 28.3 36.9 30.2 30.2 8.7 8.7 8.7 8.3 8.3 8.3
Effective Green, g (s) 33.1 28.3 28.3 36.9 30.2 30.2 8.7 8.7 8.7 8.3 8.3 8.3
Actuated g/C Ratio 0.44 0.38 0.38 0.49 0.40 0.40 0.12 0.12 0.12 0.11 0.11 0.11
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 234 1353 597 502 1425 637 205 411 184 380 392 175
v/s Ratio Prot 0.03 0.12 c0.03 c0.29 c0.08 0.05 0.08 c0.07
v/s Ratio Perm 0.20 0.06 0.15 0.15 0.00 0.01
v/c Ratio 0.52 0.33 0.15 0.37 0.72 0.36 0.70 0.43 0.03 0.72 0.59 0.06
Uniform Delay, d1 13.6 16.6 15.4 10.9 18.8 15.7 31.9 30.8 29.4 32.2 31.7 29.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.08 0.91 0.76 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.6 0.5 0.2 3.1 1.6 8.0 0.3 0.0 5.7 1.5 0.1
Delay (s) 14.4 17.2 16.0 11.0 21.9 17.2 42.4 28.4 22.3 37.9 33.2 29.9
Level of Service B B B B C B D C C D C C
Approach Delay (s) 16.4 19.3 32.9 34.8
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (veh/h) 110 20 600 100 10 1520
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.97 0.97 0.97 0.97 0.97 0.97
Hourly flow rate (vph) 113 21 619 103 10 1567
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1423 309 619
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1423 309 619
tC, single (s) 6.9 7.0 4.1
tC, 2 stage (s)
tF (s) 3.5 3.4 2.2
p0 queue free % 8 97 99
cM capacity (veh/h) 123 678 971

Direction, Lane # NW 1 NW 2 NE 1 NE 2 NE 3 SW 1 SW 2 SW 3
Volume Total 113 21 309 309 103 10 784 784
Volume Left 113 0 0 0 0 10 0 0
Volume Right 0 21 0 0 103 0 0 0
cSH 123 678 1700 1700 1700 971 1700 1700
Volume to Capacity 0.92 0.03 0.18 0.18 0.06 0.01 0.46 0.46
Queue Length 95th (ft) 148 2 0 0 0 1 0 0
Control Delay (s) 127.7 10.5 0.0 0.0 0.0 8.7 0.0 0.0
Lane LOS F B A
Approach Delay (s) 109.6 0.0 0.1
Approach LOS F

Intersection Summary
Average Delay 6.1
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1140 160 450 1180 30 120 10 350 30 10 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.90
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1816 2842 1805 1710
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.66 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1364 2842 1254 1710
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1281 180 506 1326 34 135 11 393 34 11 22
RTOR Reduction (vph) 0 0 101 0 0 14 0 0 0 0 18 0
Lane Group Flow (vph) 45 1281 79 506 1326 20 0 146 393 34 15 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.5 33.0 33.0 11.3 39.8 39.8 14.9 14.9 14.9 14.9
Effective Green, g (s) 4.5 33.0 33.0 11.3 39.8 39.8 14.9 14.9 14.9 14.9
Actuated g/C Ratio 0.06 0.44 0.44 0.15 0.53 0.53 0.20 0.20 0.20 0.20
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 109 1628 705 529 1963 859 272 566 250 341
v/s Ratio Prot 0.02 c0.35 c0.14 0.36 0.01
v/s Ratio Perm 0.05 0.01 0.11 c0.14 0.03
v/c Ratio 0.41 0.79 0.11 0.96 0.68 0.02 0.54 0.69 0.14 0.05
Uniform Delay, d1 33.9 17.9 12.3 31.5 12.8 8.3 26.9 27.8 24.7 24.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 2.4 0.0 28.0 0.7 0.0 1.0 3.0 0.1 0.0
Delay (s) 34.8 20.3 12.3 59.5 13.5 8.3 27.9 30.8 24.7 24.2
Level of Service C C B E B A C C C C
Approach Delay (s) 19.8 25.9 30.0 24.5
Approach LOS B C C C

Intersection Summary
HCM Average Control Delay 24.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 74.8 Sum of lost time (s) 15.6
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1320 210 100 460 0 0 0 0 120 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1389 221 105 484 0 0 0 0 126 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.69 0.69 0.69 0.69 0.69 0.69
vC, conflicting volume 484 1611 1953 2195 805 1389 2305 242
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 484 987 1483 1834 0 667 1994 242
tC, single (s) 4.1 4.2 7.5 6.5 6.9 7.5 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 77 100 100 100 36 100 100
cM capacity (veh/h) 1089 468 50 41 753 197 33 756

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 926 684 105 242 242 126 0
Volume Left 0 0 105 0 0 126 0
Volume Right 0 221 0 0 0 0 0
cSH 1700 1700 468 1700 1700 197 1700
Volume to Capacity 0.54 0.40 0.23 0.14 0.14 0.64 0.00
Queue Length 95th (ft) 0 0 21 0 0 94 0
Control Delay (s) 0.0 0.0 14.9 0.0 0.0 51.4 0.0
Lane LOS B F A
Approach Delay (s) 0.0 2.7 51.4
Approach LOS F

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 460 0 0 490 20 80 0 40 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 523 0 0 557 23 91 0 45 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 580 523 1091 1102 261 875 1091 568
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 580 523 1091 1102 261 875 1091 568
tC, single (s) 4.1 4.1 7.6 6.5 7.2 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 45 100 94 100 100 100
cM capacity (veh/h) 1004 1054 164 213 705 231 217 471

Direction, Lane # EB 1 EB 2 WB 1 NB 1
Volume Total 261 261 580 136
Volume Left 0 0 0 91
Volume Right 0 0 23 45
cSH 1700 1700 1700 221
Volume to Capacity 0.15 0.15 0.34 0.62
Queue Length 95th (ft) 0 0 0 90
Control Delay (s) 0.0 0.0 0.0 44.6
Lane LOS E
Approach Delay (s) 0.0 0.0 44.6
Approach LOS E

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
10: Sante Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 90 110 240 60 140 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3432 1770 3539
Flt Permitted 0.95 1.00 1.00 0.56 1.00
Satd. Flow (perm) 1770 1583 3432 1036 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 97 118 258 65 151 495
RTOR Reduction (vph) 0 105 16 0 0 0
Lane Group Flow (vph) 97 13 307 0 151 495
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 8.3 8.3 56.7 56.7 56.7
Effective Green, g (s) 8.3 8.3 56.7 56.7 56.7
Actuated g/C Ratio 0.11 0.11 0.76 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 196 175 2595 783 2675
v/s Ratio Prot c0.05 0.09 0.14
v/s Ratio Perm 0.01 c0.15
v/c Ratio 0.49 0.07 0.12 0.19 0.19
Uniform Delay, d1 31.4 29.9 2.5 2.6 2.6
Progression Factor 1.00 1.00 1.00 0.82 0.83
Incremental Delay, d2 2.0 0.2 0.1 0.5 0.1
Delay (s) 33.3 30.1 2.5 2.6 2.3
Level of Service C C A A A
Approach Delay (s) 31.6 2.5 2.4
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 7.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.23
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 10 20 120 0 5 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 13 25 152 0 6 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 563 551 152 560 547 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 563 551 152 560 547 332 335 152
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 99 97 99 98 98 100
cM capacity (veh/h) 419 434 900 407 436 691 1235 1441

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 32 177 342
Volume Left 0 13 25 6
Volume Right 6 13 0 6
cSH 525 495 1235 1441
Volume to Capacity 0.04 0.06 0.02 0.00
Queue Length 95th (ft) 3 5 2 0
Control Delay (s) 12.1 12.8 1.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.1 12.8 1.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 32.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 0 5 5 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 0 5 5 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 11 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) -0.13 -0.30 0.10 -0.13
Departure Headway (s) 3.8 3.7 4.1 3.8
Degree Utilization, x 0.02 0.01 0.01 0.02
Capacity (veh/h) 925 967 865 927
Control Delay (s) 6.9 6.7 7.1 6.9
Approach Delay (s) 6.9 6.7 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.2% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 140 10 0 270 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 177 13 0 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 532 532 342 528 525 184 342 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 532 532 342 528 525 184 342 190
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 97 97 100 100 100
cM capacity (veh/h) 452 456 705 459 460 864 1229 1396

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 190 342
Volume Left 6 13 0 0
Volume Right 0 0 13 0
cSH 454 460 1229 1396
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 13.2 13.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.2 13.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 20 5 5 10 10 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 22 5 5 11 11 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 27 60 57 24 60 54 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 27 60 57 24 60 54 16
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1607 1600 929 835 1058 929 838 1069

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 27 27 16 16
Volume Left 0 5 5 5
Volume Right 5 11 5 5
cSH 1607 1600 932 936
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 1.5 8.9 8.9
Lane LOS A A A
Approach Delay (s) 0.0 1.5 8.9 8.9
Approach LOS A A

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 15.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 30 20 30 50 30 40 70 270 110 60 240 40
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 34 22 34 56 34 45 79 303 124 67 270 45
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 798 1011 157 837 972 213 315 427
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 798 1011 157 837 972 213 315 427
tC, single (s) 7.6 6.5 7.0 7.5 6.6 7.0 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 84 89 96 73 85 94 94 94
cM capacity (veh/h) 209 213 857 209 220 788 1250 1129

Direction, Lane # EB 1 EB 2 WB 1 WB 2 NB 1 NB 2 NB 3 SB 1 SB 2 SB 3
Volume Total 34 56 56 79 79 202 225 67 180 135
Volume Left 34 0 56 0 79 0 0 67 0 0
Volume Right 0 34 0 45 0 0 124 0 0 45
cSH 209 387 209 374 1250 1700 1700 1129 1700 1700
Volume to Capacity 0.16 0.15 0.27 0.21 0.06 0.12 0.13 0.06 0.11 0.08
Queue Length 95th (ft) 14 13 26 20 5 0 0 5 0 0
Control Delay (s) 25.5 15.9 28.5 17.2 8.1 0.0 0.0 8.4 0.0 0.0
Lane LOS D C D C A A
Approach Delay (s) 19.5 21.9 1.3 1.5
Approach LOS C C

Intersection Summary
Average Delay 5.3
Intersection Capacity Utilization 33.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 150 5 5 280 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 197 7 7 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 605 595 201 605 599 368 368 204
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 605 595 201 605 599 368 368 204
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 400 416 845 401 414 682 1201 1380

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 211 375
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 493 515 1201 1380
Volume to Capacity 0.04 0.03 0.01 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.6 12.2 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.6 12.2 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 150 0 0 280 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 195 0 0 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 565 562 367 562 565 195 370 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 565 562 367 562 565 195 370 195
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 99 99 100 100 100
cM capacity (veh/h) 434 439 683 441 437 852 1199 1390

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 195 370
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 439 1199 1390
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 2 0 0
Control Delay (s) 0.0 13.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 13.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 10 10 5 5 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 11 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 986 1072 1614

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 16 11
Volume Left 11 0 5
Volume Right 11 5 0
cSH 1027 1700 1614
Volume to Capacity 0.02 0.01 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.6 0.0 3.6
Lane LOS A A
Approach Delay (s) 8.6 0.0 3.6
Approach LOS A

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 5 0 5 10 10 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 0 5 11 11 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 5 52 49 5 52 43 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 5 52 49 5 52 43 16
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1607 1629 938 841 1083 938 847 1069

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 11 27 16 16
Volume Left 5 5 5 5
Volume Right 0 11 5 5
cSH 1607 1629 944 943
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 3.6 1.5 8.9 8.9
Lane LOS A A A A
Approach Delay (s) 3.6 1.5 8.9 8.9
Approach LOS A A

Intersection Summary
Average Delay 5.2
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 30 20 5 20 20 510 20 20 380 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1468 1746 3419 3501 1468
Flt Permitted 0.80 1.00 1.00 0.86 0.94 0.92 1.00
Satd. Flow (perm) 1520 1900 1468 1537 3202 3222 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 32 22 5 22 21 537 22 22 400 11
RTOR Reduction (vph) 0 0 30 0 21 0 0 1 0 0 0 1
Lane Group Flow (vph) 11 5 2 0 28 0 0 579 0 0 422 10
Heavy Vehicles (%) 0% 0% 10% 0% 0% 0% 5% 5% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 5.0 5.0 5.0 5.0 80.0 80.0 80.0
Effective Green, g (s) 5.0 5.0 5.0 5.0 80.0 80.0 80.0
Actuated g/C Ratio 0.06 0.06 0.06 0.06 0.89 0.89 0.89
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 84 106 82 85 2846 2864 1305
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 0.00 c0.02 c0.18 0.13 0.01
v/c Ratio 0.13 0.05 0.02 0.33 0.20 0.15 0.01
Uniform Delay, d1 40.4 40.2 40.2 40.9 0.7 0.6 0.6
Progression Factor 1.00 1.00 1.00 1.00 0.78 1.00 1.00
Incremental Delay, d2 0.7 0.2 0.1 2.3 0.2 0.1 0.0
Delay (s) 41.1 40.4 40.3 43.2 0.7 0.7 0.6
Level of Service D D D D A A A
Approach Delay (s) 40.5 43.2 0.7 0.7
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 4.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.21
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 45.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 390 10 150 0 0 350 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1752 1538 1831 1845 1538
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1752 1538 1797 1845 1538
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 160 0 415 11 160 0 0 372 85
RTOR Reduction (vph) 0 0 0 0 0 350 0 0 0 0 0 18
Lane Group Flow (vph) 0 0 0 160 0 65 0 171 0 0 372 67
Heavy Vehicles (%) 0% 0% 0% 3% 0% 5% 10% 3% 0% 0% 3% 5%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 14.2 14.2 70.8 70.8 70.8
Effective Green, g (s) 14.2 14.2 70.8 70.8 70.8
Actuated g/C Ratio 0.16 0.16 0.79 0.79 0.79
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 276 243 1414 1451 1210
v/s Ratio Prot c0.09 c0.20
v/s Ratio Perm 0.04 0.10 0.04
v/c Ratio 0.58 0.27 0.12 0.26 0.06
Uniform Delay, d1 35.1 33.3 2.3 2.6 2.1
Progression Factor 1.00 1.00 1.55 0.92 0.82
Incremental Delay, d2 2.9 0.6 0.2 0.4 0.1
Delay (s) 38.1 33.9 3.7 2.8 1.8
Level of Service D C A A A
Approach Delay (s) 0.0 35.1 3.7 2.6
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.31
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 0 20 0 0 0 0 120 40 210 280 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 0.97 1.00
Flt Protected 0.97 1.00 0.98
Satd. Flow (prot) 1641 1774 1796
Flt Permitted 0.97 1.00 0.79
Satd. Flow (perm) 1641 1774 1449
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 44 0 22 0 0 0 0 132 44 231 308 0
RTOR Reduction (vph) 0 20 0 0 0 0 0 6 0 0 0 0
Lane Group Flow (vph) 0 46 0 0 0 0 0 170 0 0 539 0
Heavy Vehicles (%) 8% 0% 5% 0% 0% 0% 0% 3% 5% 7% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 7.0 78.0 78.0
Effective Green, g (s) 7.0 78.0 78.0
Actuated g/C Ratio 0.08 0.87 0.87
Clearance Time (s) 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 128 1537 1256
v/s Ratio Prot 0.10
v/s Ratio Perm 0.03 c0.37
v/c Ratio 0.36 0.11 0.43
Uniform Delay, d1 39.4 0.9 1.3
Progression Factor 1.00 1.00 0.75
Incremental Delay, d2 1.7 0.1 1.1
Delay (s) 41.1 1.0 2.0
Level of Service D A A
Approach Delay (s) 41.1 0.0 1.0 2.0
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 5.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 48.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Gardner
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 150 5 10 290
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 161 5 11 312
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 497 164 167
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 497 164 167
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 532 836 1364

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 167 323
Volume Left 0 0 11
Volume Right 5 5 0
cSH 836 1700 1364
Volume to Capacity 0.01 0.10 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 9.3 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.3 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 30 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 38 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 608 623 370 620 608 209 373 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 608 623 370 620 608 209 373 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 403 400 680 383 409 837 1196 1352

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 241 373
Volume Left 0 38 13 0
Volume Right 13 0 38 6
cSH 552 387 1196 1352
Volume to Capacity 0.03 0.11 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.5 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.5 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Gardner
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 98 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 98 51
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1565 902 1023

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 54 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1565 1700 939
Volume to Capacity 0.00 0.03 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 1.1 0.0 8.9
Lane LOS A A
Approach Delay (s) 1.1 0.0 8.9
Approach LOS A

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 30 10 80 10 30 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 34 11 90 11 34 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 79 112 270
Volume Left (vph) 22 11 11 34
Volume Right (vph) 22 34 11 45
Hadj (s) -0.13 -0.18 0.01 -0.04
Departure Headway (s) 4.7 4.7 4.6 4.4
Degree Utilization, x 0.09 0.10 0.14 0.33
Capacity (veh/h) 690 701 747 792
Control Delay (s) 8.2 8.2 8.3 9.5
Approach Delay (s) 8.2 8.2 8.3 9.5
Approach LOS A A A A

Intersection Summary
Delay 8.9
HCM Level of Service A
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Gardner
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 460 980 0 560 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 517 1101 0 629 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1618 831 258
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1618 831 258
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 408 312 747

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 258 258 1101 315 315
Volume Left 0 0 0 0 0
Volume Right 0 0 1101 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.15 0.15 0.65 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

2010 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 398 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 450 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.8 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.8 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3301 3389 1770 1694 1736 1773
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2837 2650 1158 1694 813 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 38 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1180 0 69 273 0 161 201 0
Heavy Vehicles (%) 0% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.6 27.6 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.6 27.6 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1437 1342 323 472 227 494
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.71 0.41
Uniform Delay, d1 7.6 12.0 15.1 16.9 17.7 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 6.9 0.3 1.7 9.7 0.5
Delay (s) 7.7 18.9 15.4 18.6 27.4 16.5
Level of Service A B B B C B
Approach Delay (s) 7.7 18.9 18.1 21.1
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.5 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 560 20 30 1030 40 20 10 40 60 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 0.99 0.99 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3574 3702 1765 1842
Flt Permitted 0.93 0.93 0.90 0.81
Satd. Flow (perm) 3337 3444 1606 1544
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 602 22 32 1108 43 22 11 43 65 11 32
RTOR Reduction (vph) 0 2 0 0 3 0 0 36 0 0 27 0
Lane Group Flow (vph) 0 633 0 0 1180 0 0 40 0 0 81 0
Heavy Vehicles (%) 0% 6% 0% 3% 2% 0% 5% 0% 3% 2% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.2 8.2
Effective Green, g (s) 33.0 33.0 8.2 8.2
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2194 2264 262 252
v/s Ratio Prot
v/s Ratio Perm 0.19 c0.34 0.02 c0.05
v/c Ratio 0.29 0.52 0.15 0.32
Uniform Delay, d1 3.6 4.5 18.0 18.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.3 0.7
Delay (s) 3.7 4.7 18.3 19.3
Level of Service A A B B
Approach Delay (s) 3.7 4.7 18.3 19.3
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 50.2 Sum of lost time (s) 9.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 660 5 20 1120 30 10 5 20 40 10 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.98
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3436 3526 1678 1797
Flt Permitted 0.93 0.94 0.89 0.78
Satd. Flow (perm) 3213 3313 1509 1444
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 710 5 22 1204 32 11 5 22 43 11 11
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 10 0
Lane Group Flow (vph) 0 725 0 0 1256 0 0 18 0 0 55 0
Heavy Vehicles (%) 0% 5% 0% 0% 2% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.8 35.8 5.0 5.0
Effective Green, g (s) 35.8 35.8 5.0 5.0
Actuated g/C Ratio 0.72 0.72 0.10 0.10
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2310 2382 152 145
v/s Ratio Prot
v/s Ratio Perm 0.23 c0.38 0.01 c0.04
v/c Ratio 0.31 0.53 0.12 0.38
Uniform Delay, d1 2.5 3.2 20.4 21.0
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.4 1.7
Delay (s) 2.6 3.4 20.8 22.6
Level of Service A A C C
Approach Delay (s) 2.6 3.4 20.8 22.6
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 49.8 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 110 400 220 170 930 520 130 160 50 250 210 90
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3585 1583 1770 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.17 1.00 1.00 0.48 1.00 1.00 0.61 1.00 1.00 0.57 1.00 1.00
Satd. Flow (perm) 321 3585 1583 896 3539 1583 1132 3539 1583 2046 3539 1583
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 121 440 242 187 1022 571 143 176 55 275 231 99
RTOR Reduction (vph) 0 0 147 0 0 300 0 0 48 0 0 84
Lane Group Flow (vph) 121 440 95 187 1022 271 143 176 7 275 231 15
Heavy Vehicles (%) 3% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm pm+pt Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4 4
Actuated Green, G (s) 31.0 27.4 27.4 32.8 28.3 28.3 13.9 9.1 9.1 16.3 10.3 10.3
Effective Green, g (s) 31.0 27.4 27.4 32.8 28.3 28.3 13.9 9.1 9.1 16.3 10.3 10.3
Actuated g/C Ratio 0.44 0.39 0.39 0.47 0.40 0.40 0.20 0.13 0.13 0.23 0.15 0.15
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 216 1403 620 476 1431 640 269 460 206 595 521 233
v/s Ratio Prot c0.03 0.12 0.03 c0.29 0.04 0.05 c0.04 0.07
v/s Ratio Perm 0.22 0.06 0.16 0.17 c0.07 0.00 0.07 0.01
v/c Ratio 0.56 0.31 0.15 0.39 0.71 0.42 0.53 0.38 0.03 0.46 0.44 0.06
Uniform Delay, d1 12.7 14.8 13.8 11.1 17.5 15.0 24.5 27.9 26.6 22.4 27.2 25.7
Progression Factor 1.00 1.00 1.00 0.65 0.67 0.62 0.89 0.91 0.76 1.00 1.00 1.00
Incremental Delay, d2 2.0 0.6 0.5 0.2 2.7 1.8 1.0 0.2 0.0 0.2 0.2 0.0
Delay (s) 14.6 15.4 14.3 7.3 14.4 11.1 22.9 25.7 20.2 22.6 27.5 25.7
Level of Service B B B A B B C C C C C C
Approach Delay (s) 14.9 12.6 23.8 25.0
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 16.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 110 20 600 100 10 1520
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3619 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3619 1553 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 113 21 619 103 10 1567
RTOR Reduction (vph) 0 19 0 91 0 0
Lane Group Flow (vph) 113 2 619 12 10 1567
Heavy Vehicles (%) 4% 5% 5% 4% 0% 2%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 8.3 8.3 47.1 8.3 0.6 51.7
Effective Green, g (s) 8.3 8.3 47.1 8.3 0.6 51.7
Actuated g/C Ratio 0.12 0.12 0.67 0.12 0.01 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 206 182 2435 184 15 2751
v/s Ratio Prot c0.07 0.17 0.01 0.01 c0.42
v/s Ratio Perm 0.00
v/c Ratio 0.55 0.01 0.25 0.07 0.67 0.57
Uniform Delay, d1 29.1 27.2 4.5 27.4 34.6 4.1
Progression Factor 1.00 1.00 1.12 1.41 1.29 0.31
Incremental Delay, d2 3.0 0.0 0.2 0.1 65.2 0.7
Delay (s) 32.1 27.3 5.3 38.8 109.8 2.0
Level of Service C C A D F A
Approach Delay (s) 31.3 10.1 2.7
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 6.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1140 160 450 1180 30 120 10 350 30 10 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.90
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1816 2842 1805 1710
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.66 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1364 2842 1255 1710
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1281 180 506 1326 34 135 11 393 34 11 22
RTOR Reduction (vph) 0 0 97 0 0 15 0 0 0 0 19 0
Lane Group Flow (vph) 45 1281 83 506 1326 19 0 146 393 34 14 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 4.8 32.3 32.3 11.6 39.1 39.1 10.5 27.3 10.5 10.5
Effective Green, g (s) 4.8 32.3 32.3 11.6 39.1 39.1 10.5 27.3 10.5 10.5
Actuated g/C Ratio 0.07 0.46 0.46 0.17 0.56 0.56 0.15 0.39 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 124 1702 738 580 2061 902 205 1108 188 257
v/s Ratio Prot 0.02 c0.35 c0.14 0.36 0.14 0.01
v/s Ratio Perm 0.05 0.01 c0.11 0.03
v/c Ratio 0.36 0.75 0.11 0.87 0.64 0.02 0.71 0.35 0.18 0.06
Uniform Delay, d1 31.1 15.6 10.7 28.5 10.6 6.9 28.3 15.1 26.0 25.5
Progression Factor 0.97 1.03 1.84 1.03 0.87 0.88 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 3.1 0.3 13.2 1.6 0.0 9.3 0.1 0.2 0.0
Delay (s) 30.7 19.1 20.1 42.6 10.8 6.1 37.6 15.2 26.2 25.5
Level of Service C B C D B A D B C C
Approach Delay (s) 19.5 19.3 21.3 25.9
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 19.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 210 100 460 0 0 0 0 120 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00
Frt 0.98 1.00 1.00 1.00
Flt Protected 1.00 0.95 1.00 0.95
Satd. Flow (prot) 3437 1719 3725 1770
Flt Permitted 1.00 0.09 1.00 0.95
Satd. Flow (perm) 3437 160 3725 1770
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 221 105 484 0 0 0 0 126 0 0
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1596 0 105 484 0 0 0 0 126 0 0
Heavy Vehicles (%) 0% 3% 2% 5% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type Prot pm+pt custom custom
Protected Phases 5 2 1 6 5
Permitted Phases 6 4 4
Actuated Green, G (s) 41.2 51.1 51.1 8.9
Effective Green, g (s) 41.2 51.1 51.1 8.9
Actuated g/C Ratio 0.59 0.73 0.73 0.13
Clearance Time (s) 5.0 4.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2023 248 2719 225
v/s Ratio Prot c0.46 c0.04 0.13
v/s Ratio Perm 0.27 c0.07
v/c Ratio 0.79 0.42 0.18 0.56
Uniform Delay, d1 11.1 8.9 2.9 28.7
Progression Factor 0.67 0.89 1.25 1.00
Incremental Delay, d2 2.4 1.1 0.1 3.2
Delay (s) 9.8 9.0 3.8 31.9
Level of Service A A A C
Approach Delay (s) 9.8 4.7 0.0 31.9
Approach LOS A A A C

Intersection Summary
HCM Average Control Delay 9.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 66.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 460 0 0 490 20 80 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.99 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1847 1622
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1847 1622
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 523 0 0 557 23 91 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 28 0 0 0 0
Lane Group Flow (vph) 0 523 0 0 578 0 0 108 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 2% 10% 6% 0% 13% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 51.2 51.2 8.8
Effective Green, g (s) 51.2 51.2 8.8
Actuated g/C Ratio 0.73 0.73 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2752 1351 204
v/s Ratio Prot 0.14 c0.31
v/s Ratio Perm 0.07
v/c Ratio 0.19 0.43 0.53
Uniform Delay, d1 2.9 3.7 28.7
Progression Factor 1.11 1.00 1.00
Incremental Delay, d2 0.1 1.0 2.5
Delay (s) 3.4 4.7 31.1
Level of Service A A C
Approach Delay (s) 3.4 4.7 31.1 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
10: Sante Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 90 110 240 60 140 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3432 1770 3539
Flt Permitted 0.95 1.00 1.00 0.56 1.00
Satd. Flow (perm) 1770 1583 3432 1036 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 97 118 258 65 151 495
RTOR Reduction (vph) 0 105 17 0 0 0
Lane Group Flow (vph) 97 13 306 0 151 495
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 8.0 8.0 52.0 52.0 52.0
Effective Green, g (s) 8.0 8.0 52.0 52.0 52.0
Actuated g/C Ratio 0.11 0.11 0.74 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 202 181 2549 770 2629
v/s Ratio Prot c0.05 0.09 0.14
v/s Ratio Perm 0.01 c0.15
v/c Ratio 0.48 0.07 0.12 0.20 0.19
Uniform Delay, d1 29.1 27.7 2.5 2.7 2.7
Progression Factor 1.00 1.00 1.00 0.85 0.83
Incremental Delay, d2 1.8 0.2 0.1 0.5 0.1
Delay (s) 30.8 27.9 2.6 2.9 2.4
Level of Service C C A A A
Approach Delay (s) 29.2 2.6 2.5
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 7.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.23
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 10 20 120 0 5 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 13 25 152 0 6 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 563 551 152 560 547 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 563 551 152 560 547 332 335 152
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 99 97 99 98 98 100
cM capacity (veh/h) 419 434 900 407 436 691 1235 1441

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 32 177 342
Volume Left 0 13 25 6
Volume Right 6 13 0 6
cSH 525 495 1235 1441
Volume to Capacity 0.04 0.06 0.02 0.00
Queue Length 95th (ft) 3 5 2 0
Control Delay (s) 12.1 12.8 1.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.1 12.8 1.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 32.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 0 5 5 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 0 5 5 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 11 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) -0.13 -0.30 0.10 -0.13
Departure Headway (s) 3.8 3.7 4.1 3.8
Degree Utilization, x 0.02 0.01 0.01 0.02
Capacity (veh/h) 925 967 865 927
Control Delay (s) 6.9 6.7 7.1 6.9
Approach Delay (s) 6.9 6.7 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.2% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 140 10 0 270 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 177 13 0 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 532 532 342 528 525 184 342 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 532 532 342 528 525 184 342 190
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 97 97 100 100 100
cM capacity (veh/h) 452 456 705 459 460 864 1229 1396

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 190 342
Volume Left 6 13 0 0
Volume Right 0 0 13 0
cSH 454 460 1229 1396
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 13.2 13.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.2 13.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 20 5 5 10 10 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 22 5 5 11 11 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 27 60 57 24 60 54 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 27 60 57 24 60 54 16
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1607 1600 929 835 1058 929 838 1069

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 27 27 16 16
Volume Left 0 5 5 5
Volume Right 5 11 5 5
cSH 1607 1600 932 936
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 1.5 8.9 8.9
Lane LOS A A A
Approach Delay (s) 0.0 1.5 8.9 8.9
Approach LOS A A

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 15.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 20 30 50 30 40 70 270 110 60 240 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 0.91 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1676 1770 1687 1787 3316 1770 3401
Flt Permitted 0.89 1.00 0.89 1.00 0.56 1.00 0.50 1.00
Satd. Flow (perm) 1640 1676 1656 1687 1055 3316 937 3401
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 34 22 34 56 34 45 79 303 124 67 270 45
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 34 56 0 56 79 0 79 427 0 67 315 0
Heavy Vehicles (%) 3% 0% 5% 2% 3% 3% 1% 5% 2% 2% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Effective Green, g (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.51 0.51 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 248 253 250 255 542 1703 481 1746
v/s Ratio Prot 0.03 c0.05 c0.13 0.09
v/s Ratio Perm 0.02 0.03 0.07 0.07
v/c Ratio 0.14 0.22 0.22 0.31 0.15 0.25 0.14 0.18
Uniform Delay, d1 11.0 11.1 11.1 11.3 3.8 4.0 3.8 3.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.4 0.5 0.7 0.1 0.1 0.1 0.0
Delay (s) 11.2 11.6 11.6 12.0 3.9 4.1 3.9 3.9
Level of Service B B B B A A A A
Approach Delay (s) 11.4 11.8 4.1 3.9
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.26
Actuated Cycle Length (s) 29.8 Sum of lost time (s) 10.0
Intersection Capacity Utilization 38.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 150 5 5 280 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 197 7 7 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 605 595 201 605 599 368 368 204
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 605 595 201 605 599 368 368 204
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 400 416 845 401 414 682 1201 1380

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 211 375
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 493 515 1201 1380
Volume to Capacity 0.04 0.03 0.01 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.6 12.2 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.6 12.2 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 150 0 0 280 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 195 0 0 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 565 562 367 562 565 195 370 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 565 562 367 562 565 195 370 195
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 99 99 100 100 100
cM capacity (veh/h) 434 439 683 441 437 852 1199 1390

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 195 370
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 439 1199 1390
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 2 0 0
Control Delay (s) 0.0 13.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 13.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 10 10 5 5 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 11 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 986 1072 1614

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 16 11
Volume Left 11 0 5
Volume Right 11 5 0
cSH 1027 1700 1614
Volume to Capacity 0.02 0.01 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.6 0.0 3.6
Lane LOS A A
Approach Delay (s) 8.6 0.0 3.6
Approach LOS A

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 5 0 5 10 10 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 0 5 11 11 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 5 52 49 5 52 43 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 5 52 49 5 52 43 16
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1607 1629 938 841 1083 938 847 1069

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 11 27 16 16
Volume Left 5 5 5 5
Volume Right 0 11 5 5
cSH 1607 1629 944 943
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 3.6 1.5 8.9 8.9
Lane LOS A A A A
Approach Delay (s) 3.6 1.5 8.9 8.9
Approach LOS A A

Intersection Summary
Average Delay 5.2
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 30 20 5 20 20 510 20 20 380 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1468 1746 3419 3501 1468
Flt Permitted 0.85 1.00 1.00 0.85 0.94 0.92 1.00
Satd. Flow (perm) 1617 1900 1468 1523 3204 3226 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 32 22 5 22 21 537 22 22 400 11
RTOR Reduction (vph) 0 0 30 0 20 0 0 2 0 0 0 2
Lane Group Flow (vph) 11 5 2 0 29 0 0 578 0 0 422 9
Heavy Vehicles (%) 0% 0% 10% 0% 0% 0% 5% 5% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 4.7 4.7 4.7 4.7 50.3 50.3 50.3
Effective Green, g (s) 4.7 4.7 4.7 4.7 50.3 50.3 50.3
Actuated g/C Ratio 0.07 0.07 0.07 0.07 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 117 137 106 110 2479 2496 1136
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 0.00 c0.02 c0.18 0.13 0.01
v/c Ratio 0.09 0.04 0.02 0.26 0.23 0.17 0.01
Uniform Delay, d1 28.2 28.0 28.0 28.5 2.0 1.9 1.7
Progression Factor 1.00 1.00 1.00 1.00 0.81 1.00 1.00
Incremental Delay, d2 0.4 0.1 0.1 1.3 0.2 0.1 0.0
Delay (s) 28.5 28.2 28.1 29.8 1.8 2.1 1.7
Level of Service C C C C A A A
Approach Delay (s) 28.2 29.8 1.8 2.0
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 4.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.24
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 390 10 150 0 0 350 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1752 1538 1831 1845 1538
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1752 1538 1793 1845 1538
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 160 0 415 11 160 0 0 372 85
RTOR Reduction (vph) 0 0 0 0 0 338 0 0 0 0 0 29
Lane Group Flow (vph) 0 0 0 160 0 77 0 171 0 0 372 56
Heavy Vehicles (%) 0% 0% 0% 3% 0% 5% 10% 3% 0% 0% 3% 5%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 12.0 12.0 43.0 43.0 43.0
Effective Green, g (s) 12.0 12.0 43.0 43.0 43.0
Actuated g/C Ratio 0.18 0.18 0.66 0.66 0.66
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 323 284 1186 1221 1017
v/s Ratio Prot c0.09 c0.20
v/s Ratio Perm 0.05 0.10 0.04
v/c Ratio 0.50 0.27 0.14 0.30 0.06
Uniform Delay, d1 23.8 22.7 4.1 4.7 3.9
Progression Factor 1.00 1.00 0.86 0.85 0.69
Incremental Delay, d2 1.2 0.5 0.3 0.6 0.1
Delay (s) 25.0 23.3 3.8 4.6 2.8
Level of Service C C A A A
Approach Delay (s) 0.0 23.7 3.8 4.2
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 13.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 40.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 0 20 0 0 0 0 120 40 210 280 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 0.97 1.00
Flt Protected 0.97 1.00 0.98
Satd. Flow (prot) 1641 1774 1796
Flt Permitted 0.97 1.00 0.79
Satd. Flow (perm) 1641 1774 1441
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 44 0 22 0 0 0 0 132 44 231 308 0
RTOR Reduction (vph) 0 21 0 0 0 0 0 10 0 0 0 0
Lane Group Flow (vph) 0 45 0 0 0 0 0 166 0 0 539 0
Heavy Vehicles (%) 8% 0% 5% 0% 0% 0% 0% 3% 5% 7% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 4.2 50.8 50.8
Effective Green, g (s) 4.2 50.8 50.8
Actuated g/C Ratio 0.06 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 106 1386 1126
v/s Ratio Prot 0.09
v/s Ratio Perm 0.03 c0.37
v/c Ratio 0.43 0.12 0.48
Uniform Delay, d1 29.2 1.7 2.5
Progression Factor 1.00 1.00 0.65
Incremental Delay, d2 2.8 0.2 1.4
Delay (s) 32.0 1.9 3.0
Level of Service C A A
Approach Delay (s) 32.0 0.0 1.9 3.0
Approach LOS C A A A

Intersection Summary
HCM Average Control Delay 5.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 53.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 150 5 10 290
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 161 5 11 312
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 497 164 167
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 497 164 167
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 532 836 1364

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 167 323
Volume Left 0 0 11
Volume Right 5 5 0
cSH 836 1700 1364
Volume to Capacity 0.01 0.10 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 9.3 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.3 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 30 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 38 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 608 623 370 620 608 209 373 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 608 623 370 620 608 209 373 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 403 400 680 383 409 837 1196 1352

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 241 373
Volume Left 0 38 13 0
Volume Right 13 0 38 6
cSH 552 387 1196 1352
Volume to Capacity 0.03 0.11 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.5 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.5 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 98 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 98 51
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1565 902 1023

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 54 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1565 1700 939
Volume to Capacity 0.00 0.03 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 1.1 0.0 8.9
Lane LOS A A
Approach Delay (s) 1.1 0.0 8.9
Approach LOS A

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 30 10 80 10 30 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 34 11 90 11 34 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 79 112 270
Volume Left (vph) 22 11 11 34
Volume Right (vph) 22 34 11 45
Hadj (s) -0.13 -0.18 0.01 -0.04
Departure Headway (s) 4.7 4.7 4.6 4.4
Degree Utilization, x 0.09 0.10 0.14 0.33
Capacity (veh/h) 690 701 747 792
Control Delay (s) 8.2 8.2 8.3 9.5
Approach Delay (s) 8.2 8.2 8.3 9.5
Approach LOS A A A A

Intersection Summary
Delay 8.9
HCM Level of Service A
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner No-Action - (Improved)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 460 980 0 560 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 517 1101 0 629 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1618 831 258
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1618 831 258
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 408 312 747

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 258 258 1101 315 315
Volume Left 0 0 0 0 0
Volume Right 0 0 1101 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.15 0.15 0.65 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

2010 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 30 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 36 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 617 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 617 617 352 642 590 90
tC, single (s) 4.1 4.1 7.3 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.7 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 91 99
cM capacity (veh/h) 1449 1214 333 384 696 296 398 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 157
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 390 333
Volume to Capacity 0.05 0.00 0.28 0.47
Queue Length 95th (ft) 4 0 28 60
Control Delay (s) 1.7 0.0 17.7 25.0
Lane LOS A C D
Approach Delay (s) 1.7 0.0 17.7 25.0
Approach LOS C D

Intersection Summary
Average Delay 8.1
Intersection Capacity Utilization 46.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 560 60 100 220 100 70 320 190 140 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3363 3175 1805 1725 1736 1794
Flt Permitted 0.89 0.63 0.60 1.00 0.23 1.00
Satd. Flow (perm) 3018 2010 1133 1725 424 1794
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 644 69 115 253 115 80 368 218 161 230 34
RTOR Reduction (vph) 0 14 0 0 56 0 0 46 0 0 11 0
Lane Group Flow (vph) 0 745 0 0 427 0 80 540 0 161 253 0
Heavy Vehicles (%) 5% 6% 2% 7% 10% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.2 19.2 19.1 19.1 19.1 19.1
Effective Green, g (s) 19.2 19.2 19.1 19.1 19.1 19.1
Actuated g/C Ratio 0.38 0.38 0.38 0.38 0.38 0.38
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1159 772 433 659 162 685
v/s Ratio Prot 0.31 0.14
v/s Ratio Perm c0.25 0.21 0.07 c0.38
v/c Ratio 0.64 0.55 0.18 0.82 0.99 0.37
Uniform Delay, d1 12.6 12.0 10.3 13.9 15.4 11.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.7 2.8 0.2 7.9 68.6 0.3
Delay (s) 15.3 14.9 10.5 21.8 83.9 11.5
Level of Service B B B C F B
Approach Delay (s) 15.3 14.9 20.4 38.9
Approach LOS B B C D

Intersection Summary
HCM Average Control Delay 21.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 50.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 87.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 870 10 10 390 40 10 5 20 70 5 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.92 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3615 3467 1817 1853
Flt Permitted 0.94 0.93 0.92 0.76
Satd. Flow (perm) 3404 3240 1699 1458
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 935 11 11 419 43 11 5 22 75 5 22
RTOR Reduction (vph) 0 1 0 0 6 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 967 0 0 467 0 0 19 0 0 83 0
Heavy Vehicles (%) 0% 5% 0% 0% 9% 0% 0% 0% 0% 0% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 47.4 47.4 8.6 8.6
Effective Green, g (s) 47.4 47.4 8.6 8.6
Actuated g/C Ratio 0.73 0.73 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2482 2363 225 193
v/s Ratio Prot
v/s Ratio Perm c0.28 0.14 0.01 c0.06
v/c Ratio 0.39 0.20 0.08 0.43
Uniform Delay, d1 3.3 2.8 24.7 25.9
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 0.0 0.2 1.5
Delay (s) 3.8 2.8 24.9 27.5
Level of Service A A C C
Approach Delay (s) 3.8 2.8 24.9 27.5
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 5.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 960 10 10 390 50 5 5 20 90 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3427 3262 1605 1737
Flt Permitted 0.93 0.93 0.95 0.77
Satd. Flow (perm) 3206 3041 1543 1378
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 32 1032 11 11 419 54 5 5 22 97 5 32
RTOR Reduction (vph) 0 2 0 0 17 0 0 20 0 0 26 0
Lane Group Flow (vph) 0 1073 0 0 467 0 0 12 0 0 108 0
Heavy Vehicles (%) 7% 5% 0% 0% 9% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 31.2 31.2 4.8 4.8
Effective Green, g (s) 31.2 31.2 4.8 4.8
Actuated g/C Ratio 0.69 0.69 0.11 0.11
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2223 2108 165 147
v/s Ratio Prot
v/s Ratio Perm c0.33 0.15 0.01 c0.08
v/c Ratio 0.48 0.22 0.07 0.74
Uniform Delay, d1 3.2 2.5 18.1 19.5
Progression Factor 1.00 0.47 1.00 1.00
Incremental Delay, d2 0.8 0.1 0.2 17.3
Delay (s) 3.9 1.2 18.3 36.8
Level of Service A A B D
Approach Delay (s) 3.9 1.2 18.3 36.8
Approach LOS A A B D

Intersection Summary
HCM Average Control Delay 6.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 45.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 69.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 910 130 40 290 160 120 120 110 430 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 3619 1568 1752 3252 1583 1752 3505 1538 3400 3505 1524
Flt Permitted 0.54 1.00 1.00 0.20 1.00 1.00 0.65 1.00 1.00 0.43 1.00 1.00
Satd. Flow (perm) 970 3619 1568 369 3252 1583 1194 3505 1538 1546 3505 1524
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 77 1000 143 44 319 176 132 132 121 473 165 55
RTOR Reduction (vph) 0 0 77 0 0 97 0 0 109 0 0 47
Lane Group Flow (vph) 77 1000 66 44 319 79 132 132 12 473 165 8
Heavy Vehicles (%) 6% 5% 3% 3% 11% 2% 3% 3% 5% 3% 3% 6%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm pm+pt Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4 4
Actuated Green, G (s) 46.5 41.6 41.6 43.9 40.3 40.3 17.1 8.6 8.6 26.5 13.3 13.3
Effective Green, g (s) 46.5 41.6 41.6 43.9 40.3 40.3 17.1 8.6 8.6 26.5 13.3 13.3
Actuated g/C Ratio 0.52 0.46 0.46 0.49 0.45 0.45 0.19 0.10 0.10 0.29 0.15 0.15
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 541 1673 725 235 1456 709 280 335 147 727 518 225
v/s Ratio Prot c0.01 c0.28 0.01 0.10 0.04 0.04 c0.10 0.05
v/s Ratio Perm 0.07 0.04 0.08 0.05 0.05 0.01 c0.10 0.01
v/c Ratio 0.14 0.60 0.09 0.19 0.22 0.11 0.47 0.39 0.08 0.65 0.32 0.04
Uniform Delay, d1 11.0 18.0 13.6 13.0 15.2 14.4 31.9 38.3 37.1 26.2 34.3 32.9
Progression Factor 0.88 0.89 1.43 0.90 1.11 2.06 0.93 0.93 0.71 1.00 1.00 1.00
Incremental Delay, d2 0.0 1.4 0.2 0.1 0.3 0.3 0.5 0.3 0.1 1.6 0.1 0.0
Delay (s) 9.7 17.5 19.6 11.9 17.3 30.1 30.1 36.0 26.5 27.8 34.4 32.9
Level of Service A B B B B C C D C C C C
Approach Delay (s) 17.3 21.0 31.0 29.8
Approach LOS B C C C

Intersection Summary
HCM Average Control Delay 22.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 40 10 1250 210 10 470
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1615 3654 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1615 3654 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 41 10 1289 216 10 485
RTOR Reduction (vph) 0 9 0 83 0 0
Lane Group Flow (vph) 41 1 1289 133 10 485
Heavy Vehicles (%) 3% 0% 4% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 12.7 12.7 61.9 12.7 1.4 67.3
Effective Green, g (s) 12.7 12.7 61.9 12.7 1.4 67.3
Actuated g/C Ratio 0.14 0.14 0.69 0.14 0.02 0.75
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 247 228 2513 221 28 2655
v/s Ratio Prot 0.02 c0.35 c0.08 0.01 c0.14
v/s Ratio Perm 0.00
v/c Ratio 0.17 0.01 0.51 0.60 0.36 0.18
Uniform Delay, d1 34.0 33.2 6.8 36.3 43.9 3.3
Progression Factor 1.00 1.00 0.59 1.47 1.30 0.72
Incremental Delay, d2 0.3 0.0 0.6 3.7 6.8 0.1
Delay (s) 34.3 33.2 4.6 57.1 63.6 2.5
Level of Service C C A E E A
Approach Delay (s) 34.1 12.1 3.8
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 10.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1280 90 230 1100 60 80 20 450 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3689 1615 1827 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.68 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3689 1615 1387 2842 1263 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1438 101 258 1236 67 90 22 506 45 11 45
RTOR Reduction (vph) 0 0 45 0 0 24 0 0 0 0 39 0
Lane Group Flow (vph) 45 1438 56 258 1236 43 0 112 506 45 17 0
Heavy Vehicles (%) 0% 3% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 4.8 50.2 50.2 12.6 58.0 58.0 11.6 28.2 11.6 11.6
Effective Green, g (s) 4.8 50.2 50.2 12.6 58.0 58.0 11.6 24.2 11.6 11.6
Actuated g/C Ratio 0.05 0.56 0.56 0.14 0.64 0.64 0.13 0.27 0.13 0.13
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 96 2058 901 481 2377 1041 179 764 163 207
v/s Ratio Prot 0.02 c0.39 0.08 0.34 c0.18 0.01
v/s Ratio Perm 0.03 0.03 0.08 0.04
v/c Ratio 0.47 0.70 0.06 0.54 0.52 0.04 0.63 0.66 0.28 0.08
Uniform Delay, d1 41.4 14.4 9.1 36.0 8.6 5.8 37.1 29.3 35.4 34.5
Progression Factor 1.12 0.62 0.42 0.87 0.78 0.77 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 1.9 0.1 0.5 0.7 0.1 4.8 1.7 0.3 0.1
Delay (s) 47.6 10.8 3.9 31.9 7.3 4.6 42.0 30.9 35.7 34.6
Level of Service D B A C A A D C D C
Approach Delay (s) 11.4 11.3 32.9 35.1
Approach LOS B B C D

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 71.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1720 40 30 470 0 0 0 0 50 0 920
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1811 42 32 495 0 0 0 0 53 0 968
RTOR Reduction (vph) 0 1 0 0 0 0 0 0 0 0 0 301
Lane Group Flow (vph) 0 1852 0 32 495 0 0 0 0 53 0 667
Heavy Vehicles (%) 0% 2% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 67.8 4.2 42.0 5.5 30.0
Effective Green, g (s) 67.8 4.2 42.0 5.5 30.0
Actuated g/C Ratio 0.75 0.05 0.47 0.06 0.33
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2646 77 1722 100 920
v/s Ratio Prot c0.53 0.02 c0.13 c0.03 0.24
v/s Ratio Perm
v/c Ratio 0.70 0.42 0.29 0.53 0.73
Uniform Delay, d1 5.8 41.7 14.8 41.0 26.4
Progression Factor 0.54 1.07 0.82 1.00 1.00
Incremental Delay, d2 1.2 3.3 0.4 5.3 2.9
Delay (s) 4.4 47.8 12.6 46.3 29.2
Level of Service A D B D C
Approach Delay (s) 4.4 14.7 0.0 30.1
Approach LOS A B A C

Intersection Summary
HCM Average Control Delay 13.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.5
Intersection Capacity Utilization 59.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 350 0 0 350 130 150 0 90 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.96 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1795 1625
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1795 1625
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 398 0 0 398 148 170 0 102 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 29 0 0 0 0
Lane Group Flow (vph) 0 398 0 0 535 0 0 243 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 7% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 61.3 61.3 18.7
Effective Green, g (s) 61.3 61.3 18.7
Actuated g/C Ratio 0.68 0.68 0.21
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2537 1223 338
v/s Ratio Prot 0.11 c0.30
v/s Ratio Perm 0.15
v/c Ratio 0.16 0.44 0.72
Uniform Delay, d1 5.1 6.5 33.2
Progression Factor 0.45 1.00 1.00
Incremental Delay, d2 0.1 1.1 7.4
Delay (s) 2.4 7.7 40.6
Level of Service A A D
Approach Delay (s) 2.4 7.7 40.6 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 13.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
10: Sante Fe & AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 40 90 260 70 120 190
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1583 3382 1770 3471
Flt Permitted 0.95 1.00 1.00 0.54 1.00
Satd. Flow (perm) 1752 1583 3382 1005 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 97 280 75 129 204
RTOR Reduction (vph) 0 90 12 0 0 0
Lane Group Flow (vph) 43 7 343 0 129 204
Heavy Vehicles (%) 3% 2% 4% 1% 2% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.7 6.7 73.3 73.3 73.3
Effective Green, g (s) 6.7 6.7 73.3 73.3 73.3
Actuated g/C Ratio 0.07 0.07 0.81 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 130 118 2754 819 2827
v/s Ratio Prot c0.02 0.10 0.06
v/s Ratio Perm 0.00 c0.13
v/c Ratio 0.33 0.06 0.12 0.16 0.07
Uniform Delay, d1 39.5 38.7 1.7 1.8 1.6
Progression Factor 1.00 1.00 1.00 0.59 0.45
Incremental Delay, d2 1.5 0.2 0.1 0.4 0.0
Delay (s) 41.0 38.9 1.8 1.4 0.8
Level of Service D D A A A
Approach Delay (s) 39.6 1.8 1.0
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 7.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.17
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 10 10 10 10 60 250 0 10 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 13 13 13 13 76 316 0 13 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 620 608 316 627 601 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 620 608 316 627 601 108 114 316
tC, single (s) 7.1 6.6 6.5 7.1 6.6 6.3 4.1 4.3
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.1 3.4 2.2 2.4
p0 queue free % 100 93 98 96 97 99 95 99
cM capacity (veh/h) 369 381 664 354 378 925 1469 1149

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 38 38 392 127
Volume Left 0 13 76 13
Volume Right 13 13 0 13
cSH 444 458 1469 1149
Volume to Capacity 0.09 0.08 0.05 0.01
Queue Length 95th (ft) 7 7 4 1
Control Delay (s) 13.9 13.6 1.9 0.9
Lane LOS B B A A
Approach Delay (s) 13.9 13.6 1.9 0.9
Approach LOS B B

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 5 10 5 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 5 11 5 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 22 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.13 -0.10 -0.04 -0.10
Departure Headway (s) 3.9 3.9 4.0 3.9
Degree Utilization, x 0.02 0.02 0.03 0.02
Capacity (veh/h) 907 902 887 907
Control Delay (s) 7.0 7.0 7.1 7.0
Approach Delay (s) 7.0 7.0 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 0 0 310 80 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 392 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 497 104 108
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 497 104 108
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 536 956 1496

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 6 392 108
Volume Left 6 0 0
Volume Right 0 0 6
cSH 536 1496 1700
Volume to Capacity 0.01 0.00 0.06
Queue Length 95th (ft) 1 0 0
Control Delay (s) 11.8 0.0 0.0
Lane LOS B
Approach Delay (s) 11.8 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 10 20 10 5 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 22 11 5 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 27 33
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 27 33
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 949 1054 1592

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 33 27
Volume Left 11 0 5
Volume Right 11 11 0
cSH 999 1700 1592
Volume to Capacity 0.02 0.02 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.7 0.0 1.5
Lane LOS A A
Approach Delay (s) 8.7 0.0 1.5
Approach LOS A

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 20 90 110 20 90 30 410 40 30 340 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.88 1.00 0.88 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1666 1805 1666 1805 3437 1805 3482
Flt Permitted 0.68 1.00 0.68 1.00 0.51 1.00 0.47 1.00
Satd. Flow (perm) 1288 1666 1288 1666 977 3437 885 3482
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 22 101 124 22 101 34 461 45 34 382 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 123 0 124 123 0 34 506 0 34 404 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.1 7.1 7.1 7.1 13.5 13.5 13.5 13.5
Effective Green, g (s) 7.1 7.1 7.1 7.1 13.5 13.5 13.5 13.5
Actuated g/C Ratio 0.23 0.23 0.23 0.23 0.44 0.44 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 299 387 299 387 431 1516 390 1536
v/s Ratio Prot 0.07 0.07 c0.15 0.12
v/s Ratio Perm 0.03 c0.10 0.03 0.04
v/c Ratio 0.15 0.32 0.41 0.32 0.08 0.33 0.09 0.26
Uniform Delay, d1 9.4 9.7 10.0 9.7 5.0 5.6 5.0 5.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.5 0.9 0.5 0.1 0.1 0.1 0.1
Delay (s) 9.6 10.2 10.9 10.2 5.0 5.7 5.1 5.5
Level of Service A B B B A A A A
Approach Delay (s) 10.0 10.6 5.7 5.5
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 30.6 Sum of lost time (s) 10.0
Intersection Capacity Utilization 43.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 310 90 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 13 408 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 553 118 118
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 553 118 118
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 493 939 1482

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 421 118
Volume Left 0 13 0
Volume Right 7 0 0
cSH 939 1482 1700
Volume to Capacity 0.01 0.01 0.07
Queue Length 95th (ft) 1 1 0
Control Delay (s) 8.9 0.3 0.0
Lane LOS A A
Approach Delay (s) 8.9 0.3 0.0
Approach LOS A

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 33.5% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 10 5 0 320 90 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 6 0 416 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 536 120 123
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 536 120 123
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 509 937 1476

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 19 416 123
Volume Left 13 0 0
Volume Right 6 0 6
cSH 600 1476 1700
Volume to Capacity 0.03 0.00 0.07
Queue Length 95th (ft) 3 0 0
Control Delay (s) 11.2 0.0 0.0
Lane LOS B
Approach Delay (s) 11.2 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 110 5 5 70 30 5 5 5 30 5 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 120 5 5 76 33 5 5 5 33 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 125 261 264 122 255 250 92
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 125 261 264 122 255 250 92
tC, single (s) 4.5 4.1 7.1 6.5 6.2 7.1 6.5 6.5
tC, 2 stage (s)
tF (s) 2.6 2.2 3.5 4.0 3.3 3.5 4.0 3.6
p0 queue free % 99 100 99 99 99 95 99 99
cM capacity (veh/h) 1276 1474 677 637 934 687 648 893

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 136 114 16 49
Volume Left 11 5 5 33
Volume Right 5 33 5 11
cSH 1276 1474 729 719
Volume to Capacity 0.01 0.00 0.02 0.07
Queue Length 95th (ft) 1 0 2 5
Control Delay (s) 0.7 0.4 10.1 10.4
Lane LOS A A B B
Approach Delay (s) 0.7 0.4 10.1 10.4
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 21.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
20: W 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 140 10 5 10 100 250 5 5 490 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 1022 1760 2968 3538 1346
Flt Permitted 0.74 1.00 1.00 0.88 0.72 0.95 1.00
Satd. Flow (perm) 1405 1900 1022 1588 2162 3371 1346
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 147 11 5 11 105 263 5 5 516 5
RTOR Reduction (vph) 0 0 131 0 10 0 0 0 0 0 0 1
Lane Group Flow (vph) 11 5 16 0 17 0 0 373 0 0 521 4
Heavy Vehicles (%) 0% 0% 58% 0% 0% 0% 55% 6% 0% 0% 2% 20%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.1 9.1 9.1 9.1 65.9 65.9 65.9
Effective Green, g (s) 9.1 9.1 9.1 9.1 65.9 65.9 65.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 150 203 109 170 1676 2614 1044
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 c0.02 0.01 c0.17 0.15 0.00
v/c Ratio 0.07 0.02 0.14 0.10 0.22 0.20 0.00
Uniform Delay, d1 34.2 34.0 34.4 34.3 2.6 2.5 2.2
Progression Factor 1.00 1.00 1.00 1.00 0.65 1.00 1.00
Incremental Delay, d2 0.2 0.0 0.6 0.3 0.3 0.2 0.0
Delay (s) 34.4 34.0 35.0 34.5 2.0 2.7 2.2
Level of Service C C D C A A A
Approach Delay (s) 35.0 34.5 2.0 2.7
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 8.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.21
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 44.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 150 10 200 0 0 600 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1145 1809 1667 1468
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1671 1145 1762 1667 1468
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 160 11 213 0 0 638 53
RTOR Reduction (vph) 0 0 0 0 0 143 0 0 0 0 0 12
Lane Group Flow (vph) 0 0 0 43 0 17 0 224 0 0 638 41
Heavy Vehicles (%) 0% 0% 0% 8% 0% 41% 0% 5% 0% 0% 14% 10%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 9.0 9.0 66.0 66.0 66.0
Effective Green, g (s) 9.0 9.0 66.0 66.0 66.0
Actuated g/C Ratio 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 177 121 1368 1294 1140
v/s Ratio Prot c0.03 c0.38
v/s Ratio Perm 0.01 0.13 0.03
v/c Ratio 0.24 0.14 0.16 0.49 0.04
Uniform Delay, d1 34.9 34.5 2.4 3.4 2.2
Progression Factor 1.00 1.00 0.85 0.93 0.67
Incremental Delay, d2 0.7 0.5 0.2 1.3 0.1
Delay (s) 35.6 35.0 2.3 4.5 1.5
Level of Service D D A A A
Approach Delay (s) 0.0 35.1 2.3 4.3
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 9.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 42.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 130 180 520 120 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1712 1696 1599
Flt Permitted 0.96 1.00 0.56
Satd. Flow (perm) 1712 1696 934
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 0 11 0 0 0 0 143 198 571 132 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 0 93 0 0 0 0 0 305 0 0 703 0
Heavy Vehicles (%) 4% 0% 10% 0% 0% 0% 0% 5% 2% 17% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 69.4 69.4
Effective Green, g (s) 5.6 69.4 69.4
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 113 1385 763
v/s Ratio Prot 0.18
v/s Ratio Perm 0.05 c0.75
v/c Ratio 0.83 0.22 0.92
Uniform Delay, d1 39.2 1.7 5.8
Progression Factor 1.00 1.00 0.96
Incremental Delay, d2 36.7 0.4 16.9
Delay (s) 76.0 2.1 22.5
Level of Service E A C
Approach Delay (s) 76.0 0.0 2.1 22.5
Approach LOS E A A C

Intersection Summary
HCM Average Control Delay 21.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 300 0 5 130
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 323 0 5 140
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 473 323 323
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 473 323 323
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 99 100
cM capacity (veh/h) 551 723 1143

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 323 145
Volume Left 0 0 5
Volume Right 11 0 0
cSH 723 1700 1143
Volume to Capacity 0.01 0.19 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.1 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.1 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 380 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 380 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.5 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.5 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 60 30 20 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 71 36 24 6 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 131 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 131 48
tC, single (s) 4.3 6.6 6.6
tC, 2 stage (s)
tF (s) 2.4 3.7 3.7
p0 queue free % 100 99 99
cM capacity (veh/h) 1437 819 923

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 77 60 12
Volume Left 6 0 6
Volume Right 0 24 6
cSH 1437 1700 868
Volume to Capacity 0.00 0.04 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 0.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 60 20 10 5 20 40 10 230 10 30 60 30
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 67 22 11 6 22 45 11 258 11 34 67 34

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 101 73 281 135
Volume Left (vph) 67 6 11 34
Volume Right (vph) 11 45 11 34
Hadj (s) 0.13 -0.30 0.03 -0.07
Departure Headway (s) 5.1 4.7 4.5 4.6
Degree Utilization, x 0.14 0.10 0.35 0.17
Capacity (veh/h) 642 684 762 734
Control Delay (s) 9.0 8.2 10.0 8.6
Approach Delay (s) 9.0 8.2 10.0 8.6
Approach LOS A A B A

Intersection Summary
Delay 9.3
HCM Level of Service A
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 360 1420 0 500 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 404 1596 0 562 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2000 685 202
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2000 685 202
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 291 386 811

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 202 202 1596 281 281
Volume Left 0 0 0 0 0
Volume Right 0 0 1596 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.12 0.12 0.94 0.17 0.17
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 5 55 80 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 60 87 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 65 52 35
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 65 52 35
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 100 88 99
cM capacity (veh/h) 1089 755 815

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 65 87 5
Volume Left 5 0 87 0
Volume Right 0 60 0 5
cSH 1089 1700 755 815
Volume to Capacity 0.00 0.04 0.12 0.01
Queue Length 95th (ft) 0 0 10 1
Control Delay (s) 4.2 0.0 10.4 9.4
Lane LOS A B A
Approach Delay (s) 4.2 0.0 10.3
Approach LOS B

Intersection Summary
Average Delay 5.9
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 90 100 0 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 98 109 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 207 109
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 207 109
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1494 786 950

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 98 109 0 0
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1494 1700 1700 1700
Volume to Capacity 0.00 0.06 0.00 0.00
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 8.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 30 30 10 10 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 33 33 11 11 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 22 33
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 22 33
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 97 98
cM capacity (veh/h) 888 1061 1592

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 22 33 43 33
Volume Left 22 0 33 0
Volume Right 0 33 0 22
cSH 888 1061 1592 1700
Volume to Capacity 0.02 0.03 0.02 0.02
Queue Length 95th (ft) 2 2 2 0
Control Delay (s) 9.2 8.5 5.5 0.0
Lane LOS A A A
Approach Delay (s) 8.8 5.5 0.0
Approach LOS A

Intersection Summary
Average Delay 5.5
Intersection Capacity Utilization 18.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 85 55 15 15 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 92 60 16 16 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 76 171 68
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 76 171 68
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1536 821 1001

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 98 76 22
Volume Left 5 0 16
Volume Right 0 16 5
cSH 1536 1700 859
Volume to Capacity 0.00 0.04 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.4 0.0 9.3
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 18.6% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.2 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 385 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 445 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.9 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.9 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3268 3369 1770 1694 1736 1766
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2809 2634 1158 1694 808 1766
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 37 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1181 0 69 273 0 161 201 0
Heavy Vehicles (%) 5% 9% 2% 1% 4% 1% 2% 4% 4% 4% 4% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.9 27.9 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.9 27.9 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1430 1341 321 470 224 490
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.72 0.41
Uniform Delay, d1 7.6 12.0 15.2 17.1 17.9 16.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 7.1 0.3 1.8 10.5 0.6
Delay (s) 7.7 19.0 15.6 18.9 28.4 16.7
Level of Service A B B B C B
Approach Delay (s) 7.7 19.0 18.3 21.7
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 560 20 30 1030 40 20 10 40 60 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 0.99 0.99 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3574 3668 1765 1842
Flt Permitted 0.93 0.93 0.90 0.81
Satd. Flow (perm) 3337 3413 1606 1544
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 602 22 32 1108 43 22 11 43 65 11 32
RTOR Reduction (vph) 0 2 0 0 3 0 0 36 0 0 27 0
Lane Group Flow (vph) 0 633 0 0 1180 0 0 40 0 0 81 0
Heavy Vehicles (%) 0% 6% 0% 3% 3% 0% 5% 0% 3% 2% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.2 8.2
Effective Green, g (s) 33.0 33.0 8.2 8.2
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2194 2244 262 252
v/s Ratio Prot
v/s Ratio Perm 0.19 c0.35 0.02 c0.05
v/c Ratio 0.29 0.53 0.15 0.32
Uniform Delay, d1 3.6 4.5 18.0 18.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.3 0.7
Delay (s) 3.7 4.7 18.3 19.3
Level of Service A A B B
Approach Delay (s) 3.7 4.7 18.3 19.3
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 50.2 Sum of lost time (s) 9.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 660 5 20 1120 30 10 5 20 40 10 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.98
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3436 3493 1678 1797
Flt Permitted 0.93 0.94 0.89 0.78
Satd. Flow (perm) 3213 3282 1509 1444
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 710 5 22 1204 32 11 5 22 43 11 11
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 10 0
Lane Group Flow (vph) 0 725 0 0 1256 0 0 18 0 0 55 0
Heavy Vehicles (%) 0% 5% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.8 35.8 5.0 5.0
Effective Green, g (s) 35.8 35.8 5.0 5.0
Actuated g/C Ratio 0.72 0.72 0.10 0.10
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2310 2359 152 145
v/s Ratio Prot
v/s Ratio Perm 0.23 c0.38 0.01 c0.04
v/c Ratio 0.31 0.53 0.12 0.38
Uniform Delay, d1 2.5 3.2 20.4 21.0
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.4 1.7
Delay (s) 2.6 3.4 20.8 22.6
Level of Service A A C C
Approach Delay (s) 2.6 3.4 20.8 22.6
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 49.8 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 400 220 170 930 520 130 160 50 250 210 90
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3551 1583 1770 3539 1583 1770 3539 1583 3433 3539 1553
Flt Permitted 0.17 1.00 1.00 0.47 1.00 1.00 0.61 1.00 1.00 0.57 1.00 1.00
Satd. Flow (perm) 304 3551 1583 880 3539 1583 1132 3539 1583 2046 3539 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 132 440 242 187 1022 571 143 176 55 275 231 99
RTOR Reduction (vph) 0 0 153 0 0 303 0 0 48 0 0 84
Lane Group Flow (vph) 132 440 89 187 1022 268 143 176 7 275 231 15
Heavy Vehicles (%) 4% 7% 2% 2% 2% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm pm+pt Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4 4
Actuated Green, G (s) 30.6 25.8 25.8 33.2 27.1 27.1 13.9 9.1 9.1 16.3 10.3 10.3
Effective Green, g (s) 30.6 25.8 25.8 33.2 27.1 27.1 13.9 9.1 9.1 16.3 10.3 10.3
Actuated g/C Ratio 0.44 0.37 0.37 0.47 0.39 0.39 0.20 0.13 0.13 0.23 0.15 0.15
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 231 1309 583 495 1370 613 269 460 206 595 521 229
v/s Ratio Prot c0.04 0.12 0.03 c0.29 0.04 0.05 c0.04 0.07
v/s Ratio Perm 0.21 0.06 0.15 0.17 c0.07 0.00 0.07 0.01
v/c Ratio 0.57 0.34 0.15 0.38 0.75 0.44 0.53 0.38 0.03 0.46 0.44 0.06
Uniform Delay, d1 13.1 15.9 14.8 10.8 18.5 15.8 24.5 27.9 26.6 22.4 27.2 25.7
Progression Factor 1.00 1.00 1.00 0.59 0.62 0.52 0.89 0.91 0.75 1.00 1.00 1.00
Incremental Delay, d2 2.1 0.7 0.6 0.2 3.3 2.0 1.0 0.2 0.0 0.2 0.2 0.0
Delay (s) 15.2 16.6 15.3 6.5 14.8 10.2 22.7 25.5 20.0 22.6 27.5 25.7
Level of Service B B B A B B C C B C C C
Approach Delay (s) 16.0 12.5 23.7 25.0
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 16.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 110 20 600 100 10 1520
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3619 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3619 1553 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 113 21 619 103 10 1567
RTOR Reduction (vph) 0 19 0 91 0 0
Lane Group Flow (vph) 113 2 619 12 10 1567
Heavy Vehicles (%) 4% 5% 5% 4% 0% 2%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 8.3 8.3 46.3 8.3 1.4 51.7
Effective Green, g (s) 8.3 8.3 46.3 8.3 1.4 51.7
Actuated g/C Ratio 0.12 0.12 0.66 0.12 0.02 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 206 182 2394 184 36 2751
v/s Ratio Prot c0.07 0.17 0.01 0.01 c0.42
v/s Ratio Perm 0.00
v/c Ratio 0.55 0.01 0.26 0.07 0.28 0.57
Uniform Delay, d1 29.1 27.2 4.8 27.4 33.8 4.1
Progression Factor 1.00 1.00 0.88 1.73 1.35 0.28
Incremental Delay, d2 3.0 0.0 0.2 0.1 3.4 0.7
Delay (s) 32.1 27.3 4.5 47.5 49.2 1.9
Level of Service C C A D D A
Approach Delay (s) 31.3 10.6 2.2
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 6.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1140 160 450 1180 30 120 10 350 30 10 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.90
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1816 2842 1805 1710
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.66 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1364 2842 1258 1710
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1281 180 506 1326 34 135 11 393 34 11 22
RTOR Reduction (vph) 0 0 99 0 0 15 0 0 333 0 19 0
Lane Group Flow (vph) 45 1281 81 506 1326 19 0 146 60 34 14 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.8 31.5 31.5 12.2 38.9 38.9 10.7 10.7 10.7 10.7
Effective Green, g (s) 4.8 31.5 31.5 12.2 38.9 38.9 10.7 10.7 10.7 10.7
Actuated g/C Ratio 0.07 0.45 0.45 0.17 0.56 0.56 0.15 0.15 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 124 1660 720 610 2050 897 208 434 192 261
v/s Ratio Prot 0.02 c0.35 c0.14 0.36 0.01
v/s Ratio Perm 0.05 0.01 c0.11 0.02 0.03
v/c Ratio 0.36 0.77 0.11 0.83 0.65 0.02 0.70 0.14 0.18 0.06
Uniform Delay, d1 31.1 16.2 11.2 27.9 10.8 7.0 28.1 25.7 25.8 25.3
Progression Factor 0.95 1.07 2.16 0.76 1.14 1.79 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 3.5 0.3 5.4 0.9 0.0 8.4 0.1 0.2 0.0
Delay (s) 30.3 21.0 24.4 26.5 13.2 12.5 36.6 25.7 26.0 25.4
Level of Service C C C C B B D C C C
Approach Delay (s) 21.7 16.8 28.7 25.7
Approach LOS C B C C

Intersection Summary
HCM Average Control Delay 20.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 210 100 460 0 0 0 0 120 0 1200
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3437 1687 3725 1770 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3437 1687 3725 1770 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 221 105 484 0 0 0 0 126 0 1263
RTOR Reduction (vph) 0 16 0 0 0 0 0 0 0 0 0 88
Lane Group Flow (vph) 0 1594 0 105 484 0 0 0 0 126 0 1175
Heavy Vehicles (%) 0% 3% 2% 7% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 43.7 6.4 19.1 7.4 31.0
Effective Green, g (s) 43.7 6.4 19.1 7.4 31.0
Actuated g/C Ratio 0.62 0.09 0.27 0.11 0.44
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2146 154 1016 187 1222
v/s Ratio Prot c0.46 c0.06 0.13 c0.07 c0.43
v/s Ratio Perm
v/c Ratio 0.74 0.68 0.48 0.67 0.96
Uniform Delay, d1 9.2 30.8 21.3 30.1 18.9
Progression Factor 0.40 0.95 0.82 1.00 1.00
Incremental Delay, d2 1.7 11.0 1.5 9.2 17.3
Delay (s) 5.4 40.3 18.8 39.3 36.2
Level of Service A D B D D
Approach Delay (s) 5.4 22.7 0.0 36.5
Approach LOS A C A D

Intersection Summary
HCM Average Control Delay 20.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 17.5
Intersection Capacity Utilization 67.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 460 0 0 490 20 80 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.99 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1830 1612
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1830 1612
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 523 0 0 557 23 91 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 28 0 0 0 0
Lane Group Flow (vph) 0 523 0 0 578 0 0 108 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 6% 0% 15% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 51.2 51.2 8.8
Effective Green, g (s) 51.2 51.2 8.8
Actuated g/C Ratio 0.73 0.73 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2752 1339 203
v/s Ratio Prot 0.14 c0.32
v/s Ratio Perm 0.07
v/c Ratio 0.19 0.43 0.53
Uniform Delay, d1 2.9 3.7 28.7
Progression Factor 0.45 1.00 1.00
Incremental Delay, d2 0.1 1.0 2.7
Delay (s) 1.5 4.7 31.3
Level of Service A A C
Approach Delay (s) 1.5 4.7 31.3 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 6.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
10: Sante Fe & PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 90 110 240 60 140 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3432 1770 3539
Flt Permitted 0.95 1.00 1.00 0.56 1.00
Satd. Flow (perm) 1770 1583 3432 1036 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 97 118 258 65 151 495
RTOR Reduction (vph) 0 105 17 0 0 0
Lane Group Flow (vph) 97 13 306 0 151 495
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 8.0 8.0 52.0 52.0 52.0
Effective Green, g (s) 8.0 8.0 52.0 52.0 52.0
Actuated g/C Ratio 0.11 0.11 0.74 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 202 181 2549 770 2629
v/s Ratio Prot c0.05 0.09 0.14
v/s Ratio Perm 0.01 c0.15
v/c Ratio 0.48 0.07 0.12 0.20 0.19
Uniform Delay, d1 29.1 27.7 2.5 2.7 2.7
Progression Factor 1.00 1.00 1.00 0.93 0.89
Incremental Delay, d2 1.8 0.2 0.1 0.5 0.1
Delay (s) 30.8 27.9 2.6 3.1 2.6
Level of Service C C A A A
Approach Delay (s) 29.2 2.6 2.7
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 7.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.23
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 10 10 5 10 20 120 0 10 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 13 13 6 13 25 152 0 13 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 576 563 152 579 560 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 576 563 152 579 560 332 335 152
tC, single (s) 7.1 6.6 6.5 7.2 6.7 6.3 4.1 4.5
tC, 2 stage (s)
tF (s) 3.5 4.1 3.6 3.6 4.2 3.4 2.2 2.6
p0 queue free % 100 97 98 97 98 98 98 99
cM capacity (veh/h) 409 411 826 389 400 691 1235 1227

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 177 348
Volume Left 0 13 25 13
Volume Right 13 13 0 6
cSH 549 475 1235 1227
Volume to Capacity 0.05 0.07 0.02 0.01
Queue Length 95th (ft) 4 5 2 1
Control Delay (s) 11.9 13.1 1.3 0.4
Lane LOS B B A A
Approach Delay (s) 11.9 13.1 1.3 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 30.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 0 5 5 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 0 5 5 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 11 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) -0.13 -0.30 0.10 -0.13
Departure Headway (s) 3.8 3.7 4.1 3.8
Degree Utilization, x 0.02 0.01 0.01 0.02
Capacity (veh/h) 925 967 865 927
Control Delay (s) 6.9 6.7 7.1 6.9
Approach Delay (s) 6.9 6.7 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.2% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 140 270 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 6 177 342 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 535 345 348
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 535 345 348
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 99
cM capacity (veh/h) 507 702 1222

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 13 184 348
Volume Left 6 6 0
Volume Right 6 0 6
cSH 589 1222 1700
Volume to Capacity 0.02 0.01 0.20
Queue Length 95th (ft) 2 0 0
Control Delay (s) 11.2 0.3 0.0
Lane LOS B A
Approach Delay (s) 11.2 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 24.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 10 5 5 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 11 5 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 35 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 35 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 979 1072 1614

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 16 16
Volume Left 5 0 5
Volume Right 11 5 0
cSH 1039 1700 1614
Volume to Capacity 0.02 0.01 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 8.5 0.0 2.4
Lane LOS A A
Approach Delay (s) 8.5 0.0 2.4
Approach LOS A

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 20 30 50 30 40 70 270 110 60 240 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 0.91 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1696 1770 1687 1787 3316 1770 3401
Flt Permitted 0.89 1.00 0.89 1.00 0.56 1.00 0.50 1.00
Satd. Flow (perm) 1640 1696 1656 1687 1055 3316 937 3401
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 34 22 34 56 34 45 79 303 124 67 270 45
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 34 56 0 56 79 0 79 427 0 67 315 0
Heavy Vehicles (%) 3% 0% 3% 2% 3% 3% 1% 5% 2% 2% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Effective Green, g (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.51 0.51 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 248 256 250 255 542 1703 481 1746
v/s Ratio Prot 0.03 c0.05 c0.13 0.09
v/s Ratio Perm 0.02 0.03 0.07 0.07
v/c Ratio 0.14 0.22 0.22 0.31 0.15 0.25 0.14 0.18
Uniform Delay, d1 11.0 11.1 11.1 11.3 3.8 4.0 3.8 3.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.4 0.5 0.7 0.1 0.1 0.1 0.0
Delay (s) 11.2 11.5 11.6 12.0 3.9 4.1 3.9 3.9
Level of Service B B B B A A A A
Approach Delay (s) 11.4 11.8 4.1 3.9
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.26
Actuated Cycle Length (s) 29.8 Sum of lost time (s) 10.0
Intersection Capacity Utilization 38.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 5 150 280 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 7 197 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 368 368
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 368 368
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 478 682 1201

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 204 368
Volume Left 0 7 0
Volume Right 7 0 0
cSH 682 1201 1700
Volume to Capacity 0.01 0.01 0.22
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.3 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.3 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 24.7% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 150 280 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 6 195 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 575 367 370
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 575 367 370
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 99
cM capacity (veh/h) 481 683 1199

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 13 201 370
Volume Left 6 6 0
Volume Right 6 0 6
cSH 564 1199 1700
Volume to Capacity 0.02 0.01 0.22
Queue Length 95th (ft) 2 0 0
Control Delay (s) 11.5 0.3 0.0
Lane LOS B A
Approach Delay (s) 11.5 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 80 0 5 100 10 5 5 5 10 5 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 87 0 5 109 11 5 5 5 11 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 87 247 239 87 242 234 114
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 87 247 239 87 242 234 114
tC, single (s) 4.5 4.1 7.1 6.5 6.2 7.1 6.5 6.7
tC, 2 stage (s)
tF (s) 2.6 2.2 3.5 4.0 3.3 3.5 4.0 3.8
p0 queue free % 99 100 99 99 99 98 99 99
cM capacity (veh/h) 1263 1522 690 657 977 701 662 823

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 98 125 16 27
Volume Left 11 5 5 11
Volume Right 0 11 5 11
cSH 1263 1522 751 736
Volume to Capacity 0.01 0.00 0.02 0.04
Queue Length 95th (ft) 1 0 2 3
Control Delay (s) 0.9 0.3 9.9 10.1
Lane LOS A A A B
Approach Delay (s) 0.9 0.3 9.9 10.1
Approach LOS A B

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 18.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 100 20 5 20 110 510 20 20 380 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 934 1746 3017 3501 1468
Flt Permitted 0.73 1.00 1.00 0.85 0.80 0.91 1.00
Satd. Flow (perm) 1378 1900 934 1523 2432 3203 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 105 22 5 22 116 537 22 22 400 11
RTOR Reduction (vph) 0 0 94 0 20 0 0 2 0 0 0 3
Lane Group Flow (vph) 11 5 11 0 29 0 0 673 0 0 422 8
Heavy Vehicles (%) 0% 0% 73% 0% 0% 0% 82% 5% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 7.1 7.1 7.1 7.1 52.9 52.9 52.9
Effective Green, g (s) 7.1 7.1 7.1 7.1 52.9 52.9 52.9
Actuated g/C Ratio 0.10 0.10 0.10 0.10 0.76 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 140 193 95 154 1838 2421 1109
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 0.01 c0.02 c0.28 0.13 0.01
v/c Ratio 0.08 0.03 0.11 0.19 0.37 0.17 0.01
Uniform Delay, d1 28.5 28.3 28.6 28.8 2.9 2.4 2.1
Progression Factor 1.00 1.00 1.00 1.00 0.80 1.00 1.00
Incremental Delay, d2 0.2 0.1 0.5 0.6 0.5 0.2 0.0
Delay (s) 28.7 28.4 29.1 29.4 2.8 2.6 2.1
Level of Service C C C C A A A
Approach Delay (s) 29.0 29.4 2.8 2.6
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 6.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 50.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 480 10 150 0 0 420 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1752 1324 1798 1597 1509
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1752 1324 1755 1597 1509
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 160 0 511 11 160 0 0 447 96
RTOR Reduction (vph) 0 0 0 0 0 411 0 0 0 0 0 33
Lane Group Flow (vph) 0 0 0 160 0 100 0 171 0 0 447 63
Heavy Vehicles (%) 0% 0% 0% 3% 0% 22% 10% 5% 0% 0% 19% 7%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 13.7 13.7 46.3 46.3 46.3
Effective Green, g (s) 13.7 13.7 46.3 46.3 46.3
Actuated g/C Ratio 0.20 0.20 0.66 0.66 0.66
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 343 259 1161 1056 998
v/s Ratio Prot c0.09 c0.28
v/s Ratio Perm 0.08 0.10 0.04
v/c Ratio 0.47 0.39 0.15 0.42 0.06
Uniform Delay, d1 24.9 24.5 4.4 5.6 4.2
Progression Factor 1.00 1.00 0.78 0.88 0.68
Incremental Delay, d2 1.0 1.0 0.3 1.2 0.1
Delay (s) 25.9 25.4 3.7 6.1 3.0
Level of Service C C A A A
Approach Delay (s) 0.0 25.6 3.7 5.6
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 15.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 46.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 0 20 0 0 0 0 120 40 280 280 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 0.97 1.00
Flt Protected 0.97 1.00 0.98
Satd. Flow (prot) 1573 1774 1612
Flt Permitted 0.97 1.00 0.75
Satd. Flow (perm) 1573 1774 1244
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 44 0 22 0 0 0 0 132 44 308 308 0
RTOR Reduction (vph) 0 21 0 0 0 0 0 9 0 0 0 0
Lane Group Flow (vph) 0 45 0 0 0 0 0 167 0 0 616 0
Heavy Vehicles (%) 15% 0% 5% 0% 0% 0% 0% 3% 5% 29% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 4.2 55.8 55.8
Effective Green, g (s) 4.2 55.8 55.8
Actuated g/C Ratio 0.06 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 94 1414 992
v/s Ratio Prot 0.09
v/s Ratio Perm 0.03 c0.50
v/c Ratio 0.48 0.12 0.62
Uniform Delay, d1 31.8 1.6 2.9
Progression Factor 1.00 1.00 0.85
Incremental Delay, d2 3.9 0.2 2.8
Delay (s) 35.7 1.8 5.2
Level of Service D A A
Approach Delay (s) 35.7 0.0 1.8 5.2
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 6.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 57.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 150 5 10 290
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 161 5 11 312
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 497 164 167
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 497 164 167
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 532 836 1364

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 167 323
Volume Left 0 0 11
Volume Right 5 5 0
cSH 836 1700 1364
Volume to Capacity 0.01 0.10 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 9.3 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.3 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 40 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 51 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 614 636 370 627 614 215 373 241
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 614 636 370 627 614 215 373 241
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 399 394 680 370 405 830 1196 1338

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 253 373
Volume Left 0 38 13 0
Volume Right 13 0 51 6
cSH 547 375 1196 1700
Volume to Capacity 0.03 0.12 0.01 0.22
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.9 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.9 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 98 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 98 51
tC, single (s) 4.5 6.5 6.6
tC, 2 stage (s)
tF (s) 2.6 3.6 3.7
p0 queue free % 100 99 99
cM capacity (veh/h) 1340 878 920

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 54 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1340 1700 891
Volume to Capacity 0.00 0.03 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 1.1 0.0 9.1
Lane LOS A A
Approach Delay (s) 1.1 0.0 9.1
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 30 10 80 10 30 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 34 11 90 11 34 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 79 112 270
Volume Left (vph) 22 11 11 34
Volume Right (vph) 22 34 11 45
Hadj (s) -0.11 -0.13 0.01 -0.04
Departure Headway (s) 4.8 4.7 4.6 4.4
Degree Utilization, x 0.09 0.10 0.14 0.33
Capacity (veh/h) 686 694 746 792
Control Delay (s) 8.2 8.3 8.3 9.5
Approach Delay (s) 8.2 8.3 8.3 9.5
Approach LOS A A A A

Intersection Summary
Delay 8.9
HCM Level of Service A
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 460 980 0 570 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 517 1101 0 640 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1618 837 258
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1618 837 258
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 408 309 747

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 258 258 1101 320 320
Volume Left 0 0 0 0 0
Volume Right 0 0 1101 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.15 0.15 0.65 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 5 95 75 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 103 82 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 73 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 73 57
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 89 99
cM capacity (veh/h) 1043 732 790

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 109 82 5
Volume Left 5 0 82 0
Volume Right 0 103 0 5
cSH 1043 1700 732 790
Volume to Capacity 0.01 0.06 0.11 0.01
Queue Length 95th (ft) 0 0 9 1
Control Delay (s) 4.3 0.0 10.5 9.6
Lane LOS A B A
Approach Delay (s) 4.3 0.0 10.5
Approach LOS B

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 17.0% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 80 100 0 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 87 109 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 196 109
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 196 109
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1494 798 950

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 87 109 0 0
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.05 0.06 0.00 0.00
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 8.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 10 10 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 11 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 35 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 35 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 979 1072 1614

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 5 5 16 16
Volume Left 5 0 5 0
Volume Right 0 5 0 5
cSH 979 1072 1614 1700
Volume to Capacity 0.01 0.01 0.00 0.01
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 8.7 8.4 2.4 0.0
Lane LOS A A A
Approach Delay (s) 8.5 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 75 100 5 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 82 109 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 114 193 111
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 114 193 111
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1488 801 947

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 82 114 5
Volume Left 0 0 5
Volume Right 0 5 0
cSH 1488 1700 801
Volume to Capacity 0.00 0.07 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.5
Lane LOS A
Approach Delay (s) 0.0 0.0 9.5
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 15.6% ICU Level of Service A
Analysis Period (min) 15

2010 Proposed Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 5 0 60 60 5 90 5 100 30 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 6 0 72 72 6 108 6 120 36 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 488 145 120 181
Volume Left (vph) 84 0 6 120
Volume Right (vph) 6 72 6 24
Hadj (s) 0.09 -0.23 0.01 0.13
Departure Headway (s) 5.2 5.4 6.0 6.0
Degree Utilization, x 0.70 0.21 0.20 0.30
Capacity (veh/h) 677 608 524 542
Control Delay (s) 19.2 9.8 10.5 11.5
Approach Delay (s) 19.2 9.8 10.5 11.5
Approach LOS C A B B

Intersection Summary
Delay 15.1
HCM Level of Service C
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 630 70 110 240 120 80 360 220 160 230 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3397 3184 1805 1723 1736 1804
Flt Permitted 0.87 0.56 0.57 1.00 0.22 1.00
Satd. Flow (perm) 2974 1803 1079 1723 407 1804
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 724 80 126 276 138 92 414 253 184 264 34
RTOR Reduction (vph) 0 13 0 0 57 0 0 32 0 0 8 0
Lane Group Flow (vph) 0 848 0 0 483 0 92 635 0 184 290 0
Heavy Vehicles (%) 2% 5% 1% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 20.1 20.1 28.2 28.2 28.2 28.2
Effective Green, g (s) 20.1 20.1 28.2 28.2 28.2 28.2
Actuated g/C Ratio 0.34 0.34 0.47 0.47 0.47 0.47
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 996 604 507 810 191 848
v/s Ratio Prot 0.37 0.16
v/s Ratio Perm c0.29 0.27 0.09 c0.45
v/c Ratio 0.85 0.80 0.18 0.78 0.96 0.34
Uniform Delay, d1 18.6 18.1 9.2 13.3 15.4 10.0
Progression Factor 1.00 0.74 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.1 10.5 0.2 5.0 54.1 0.2
Delay (s) 27.7 23.9 9.4 18.3 69.5 10.3
Level of Service C C A B E B
Approach Delay (s) 27.7 23.9 17.2 32.9
Approach LOS C C B C

Intersection Summary
HCM Average Control Delay 24.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 95.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 990 10 10 440 50 10 5 30 80 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3615 3493 1799 1857
Flt Permitted 0.94 0.93 0.94 0.77
Satd. Flow (perm) 3405 3260 1713 1478
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 1065 11 11 473 54 11 5 32 86 11 32
RTOR Reduction (vph) 0 1 0 0 12 0 0 28 0 0 21 0
Lane Group Flow (vph) 0 1097 0 0 526 0 0 20 0 0 108 0
Heavy Vehicles (%) 0% 5% 0% 0% 8% 0% 0% 0% 0% 0% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 42.6 42.6 8.4 8.4
Effective Green, g (s) 42.6 42.6 8.4 8.4
Actuated g/C Ratio 0.71 0.71 0.14 0.14
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2418 2315 240 207
v/s Ratio Prot
v/s Ratio Perm c0.32 0.16 0.01 c0.07
v/c Ratio 0.45 0.23 0.09 0.52
Uniform Delay, d1 3.7 3.0 22.5 23.9
Progression Factor 0.50 0.70 1.00 1.00
Incremental Delay, d2 0.3 0.2 0.2 2.4
Delay (s) 2.2 2.3 22.6 26.3
Level of Service A A C C
Approach Delay (s) 2.2 2.3 22.6 26.3
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1090 10 10 440 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3460 3285 1605 1740
Flt Permitted 0.92 0.93 0.96 0.76
Satd. Flow (perm) 3193 3055 1553 1372
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 1172 11 11 473 65 5 5 22 108 5 32
RTOR Reduction (vph) 0 1 0 0 14 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 1225 0 0 535 0 0 13 0 0 126 0
Heavy Vehicles (%) 5% 4% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 42.0 42.0 9.0 9.0
Effective Green, g (s) 42.0 42.0 9.0 9.0
Actuated g/C Ratio 0.70 0.70 0.15 0.15
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2235 2139 233 206
v/s Ratio Prot
v/s Ratio Perm c0.38 0.18 0.01 c0.09
v/c Ratio 0.55 0.25 0.06 0.61
Uniform Delay, d1 4.4 3.3 21.9 23.9
Progression Factor 0.48 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 5.3
Delay (s) 3.0 3.3 22.0 29.2
Level of Service A A C C
Approach Delay (s) 3.0 3.3 22.0 29.2
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 5.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 81.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 1040 150 40 330 180 140 130 130 490 170 60
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3654 1568 1752 3282 1583 1770 3539 1538 3433 3505 1568
Flt Permitted 0.52 1.00 1.00 0.13 1.00 1.00 0.63 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 954 3654 1568 237 3282 1583 1181 3539 1538 3433 3505 1568
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 77 1143 165 44 363 198 154 143 143 538 187 66
RTOR Reduction (vph) 0 0 94 0 0 116 0 0 130 0 0 59
Lane Group Flow (vph) 77 1143 71 44 363 82 154 143 13 538 187 7
Heavy Vehicles (%) 3% 4% 3% 3% 10% 2% 2% 2% 5% 2% 3% 3%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 43.5 38.6 38.6 40.9 37.3 37.3 23.5 8.2 8.2 16.6 9.5 9.5
Effective Green, g (s) 43.5 38.6 38.6 40.9 37.3 37.3 23.5 8.2 8.2 16.6 9.5 9.5
Actuated g/C Ratio 0.48 0.43 0.43 0.45 0.41 0.41 0.26 0.09 0.09 0.18 0.11 0.11
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 505 1567 672 168 1360 656 409 322 140 633 370 166
v/s Ratio Prot 0.01 c0.31 c0.01 0.11 0.06 0.04 c0.16 c0.05
v/s Ratio Perm 0.07 0.05 0.11 0.05 0.03 0.01 0.00
v/c Ratio 0.15 0.73 0.11 0.26 0.27 0.13 0.38 0.44 0.09 0.85 0.51 0.04
Uniform Delay, d1 12.6 21.4 15.4 15.7 17.3 16.3 27.7 38.7 37.5 35.5 38.0 36.2
Progression Factor 1.00 1.00 1.00 1.23 0.89 0.80 0.97 0.95 0.91 1.00 1.00 1.00
Incremental Delay, d2 0.1 3.0 0.3 0.3 0.0 0.0 0.2 0.4 0.1 10.0 0.4 0.0
Delay (s) 12.6 24.4 15.7 19.6 15.6 13.0 27.2 37.3 34.1 45.5 38.4 36.2
Level of Service B C B B B B C D C D D D
Approach Delay (s) 22.7 15.0 32.7 43.0
Approach LOS C B C D

Intersection Summary
HCM Average Control Delay 27.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 72.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 50 10 1430 240 10 540
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1615 3654 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1615 3654 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 52 10 1474 247 10 557
RTOR Reduction (vph) 0 8 0 82 0 0
Lane Group Flow (vph) 52 2 1474 165 10 557
Heavy Vehicles (%) 2% 0% 4% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 13.8 13.8 60.8 13.8 1.4 66.2
Effective Green, g (s) 13.8 13.8 60.8 13.8 1.4 66.2
Actuated g/C Ratio 0.15 0.15 0.68 0.15 0.02 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 271 248 2468 240 28 2612
v/s Ratio Prot 0.03 c0.40 c0.11 0.01 c0.16
v/s Ratio Perm 0.00
v/c Ratio 0.19 0.01 0.60 0.69 0.36 0.21
Uniform Delay, d1 33.2 32.3 7.9 36.1 43.9 3.7
Progression Factor 1.00 1.00 0.51 1.12 1.00 1.00
Incremental Delay, d2 0.3 0.0 0.7 5.5 7.7 0.2
Delay (s) 33.6 32.3 4.8 46.0 51.5 3.9
Level of Service C C A D D A
Approach Delay (s) 33.4 10.7 4.8
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 9.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 51.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 1460 110 270 1270 70 90 20 510 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3725 1615 3433 3689 1615 1825 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.68 1.00
Satd. Flow (perm) 1805 3725 1615 3433 3689 1615 1379 2842 1251 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 1640 124 303 1427 79 101 22 573 45 11 45
RTOR Reduction (vph) 0 0 61 0 0 32 0 0 0 0 39 0
Lane Group Flow (vph) 56 1640 63 303 1427 47 0 123 573 45 17 0
Heavy Vehicles (%) 0% 2% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 4.8 38.4 38.4 10.6 44.2 44.2 10.4 25.0 10.4 10.4
Effective Green, g (s) 4.8 38.4 38.4 10.6 44.2 44.2 10.4 21.0 10.4 10.4
Actuated g/C Ratio 0.06 0.51 0.51 0.14 0.59 0.59 0.14 0.28 0.14 0.14
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 116 1907 827 485 2174 952 191 796 173 223
v/s Ratio Prot 0.03 c0.44 0.09 0.39 c0.20 0.01
v/s Ratio Perm 0.04 0.03 0.09 0.04
v/c Ratio 0.48 0.86 0.08 0.62 0.66 0.05 0.64 0.72 0.26 0.08
Uniform Delay, d1 33.9 16.0 9.3 30.3 10.3 6.5 30.5 24.3 28.9 28.1
Progression Factor 1.00 1.00 1.00 0.89 0.85 0.95 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.2 5.3 0.2 1.4 1.2 0.1 5.5 2.6 0.3 0.1
Delay (s) 35.1 21.3 9.5 28.4 10.0 6.3 36.0 27.0 29.2 28.2
Level of Service D C A C A A D C C C
Approach Delay (s) 20.9 12.9 28.6 28.6
Approach LOS C B C C

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 78.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1970 50 30 540 0 0 0 0 60 0 1060
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3546 1687 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3546 1687 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2074 53 32 568 0 0 0 0 63 0 1116
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 107
Lane Group Flow (vph) 0 2125 0 32 568 0 0 0 0 63 0 1009
Heavy Vehicles (%) 0% 1% 18% 7% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot custom custom
Protected Phases 2 1 6 5
Permitted Phases 4 4
Actuated Green, G (s) 53.0 2.8 24.8 4.2 35.2
Effective Green, g (s) 53.0 2.8 24.8 4.2 35.2
Actuated g/C Ratio 0.71 0.04 0.33 0.06 0.47
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2506 63 1220 92 1479
v/s Ratio Prot c0.60 0.02 c0.15 c0.28
v/s Ratio Perm 0.04 0.08
v/c Ratio 0.85 0.51 0.47 0.68 0.68
Uniform Delay, d1 8.1 35.4 19.9 34.8 15.5
Progression Factor 0.81 1.18 0.84 1.00 1.00
Incremental Delay, d2 2.4 5.4 1.1 19.0 1.3
Delay (s) 8.9 47.3 17.7 53.8 16.8
Level of Service A D B D B
Approach Delay (s) 8.9 19.3 0.0 18.8
Approach LOS A B A B

Intersection Summary
HCM Average Control Delay 13.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 400 140 170 0 100 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1798 1637
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1798 1637
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 455 159 193 0 114 0 0 0
RTOR Reduction (vph) 0 0 0 0 13 0 0 33 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 601 0 0 274 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 5% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 47.4 47.4 17.6
Effective Green, g (s) 47.4 47.4 17.6
Actuated g/C Ratio 0.63 0.63 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2354 1136 384
v/s Ratio Prot 0.12 c0.33
v/s Ratio Perm 0.17
v/c Ratio 0.19 0.53 0.71
Uniform Delay, d1 5.8 7.6 26.4
Progression Factor 0.34 1.00 1.00
Incremental Delay, d2 0.1 1.8 6.2
Delay (s) 2.1 9.4 32.6
Level of Service A A C
Approach Delay (s) 2.1 9.4 32.6 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
10: Sante Fe & Moonlight AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 50 110 300 80 140 220
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3408 1787 3471
Flt Permitted 0.95 1.00 1.00 0.51 1.00
Satd. Flow (perm) 1770 1583 3408 963 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 54 118 323 86 151 237
RTOR Reduction (vph) 0 107 15 0 0 0
Lane Group Flow (vph) 54 11 394 0 151 237
Heavy Vehicles (%) 2% 2% 3% 1% 1% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 8.5 8.5 71.5 71.5 71.5
Effective Green, g (s) 8.5 8.5 71.5 71.5 71.5
Actuated g/C Ratio 0.09 0.09 0.79 0.79 0.79
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 167 150 2707 765 2758
v/s Ratio Prot c0.03 0.12 0.07
v/s Ratio Perm 0.01 c0.16
v/c Ratio 0.32 0.07 0.15 0.20 0.09
Uniform Delay, d1 38.1 37.2 2.2 2.3 2.0
Progression Factor 1.00 1.00 1.00 0.83 0.58
Incremental Delay, d2 1.1 0.2 0.1 0.6 0.1
Delay (s) 39.2 37.4 2.3 2.4 1.2
Level of Service D D A A A
Approach Delay (s) 37.9 2.3 1.7
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 8.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.21
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 10 10 70 290 0 5 90 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 13 13 89 367 0 6 114 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 696 684 367 690 677 120 127 367
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 696 684 367 690 677 120 127 367
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 93 100 96 96 99 94 99
cM capacity (veh/h) 327 349 683 325 352 910 1453 1203

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 38 456 133
Volume Left 0 13 89 6
Volume Right 0 13 0 13
cSH 349 428 1453 1203
Volume to Capacity 0.07 0.09 0.06 0.01
Queue Length 95th (ft) 6 7 5 0
Control Delay (s) 16.1 14.2 2.0 0.4
Lane LOS C B A A
Approach Delay (s) 16.1 14.2 2.0 0.4
Approach LOS C B

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 5 10 10 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 5 11 11 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 27 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 11 5 5
Hadj (s) -0.10 -0.20 -0.04 -0.10
Departure Headway (s) 3.9 3.8 4.0 3.9
Degree Utilization, x 0.02 0.03 0.03 0.02
Capacity (veh/h) 898 924 880 900
Control Delay (s) 7.0 6.9 7.1 7.0
Approach Delay (s) 7.0 6.9 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 360 10 0 100 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 456 13 0 127 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 598 130 598 595 462 133 468
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 598 130 598 595 462 133 468
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 99 100 100
cM capacity (veh/h) 399 418 925 407 420 604 1464 1104

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 468 133
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 412 441 1464 1104
Volume to Capacity 0.05 0.07 0.00 0.00
Queue Length 95th (ft) 4 6 0 0
Control Delay (s) 14.2 13.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.2 13.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 29.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 10 5 5 20 20 5 5 5 5 5 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 11 5 5 22 22 5 5 5 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 43 16 60 68 14 65 60 33
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 43 16 60 68 14 65 60 33
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 100
cM capacity (veh/h) 1578 1614 934 824 1072 922 832 1047

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 16 49 16 11
Volume Left 0 5 5 5
Volume Right 5 22 5 0
cSH 1578 1614 932 875
Volume to Capacity 0.00 0.00 0.02 0.01
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 0.8 8.9 9.2
Lane LOS A A A
Approach Delay (s) 0.0 0.8 8.9 9.2
Approach LOS A A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 16.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 20 90 130 20 110 30 470 50 40 390 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.88 1.00 0.87 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1666 1805 1658 1805 3434 1805 3485
Flt Permitted 0.95 1.00 0.95 1.00 0.46 1.00 0.37 1.00
Satd. Flow (perm) 1805 1666 1805 1658 876 3434 709 3485
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 22 101 146 22 124 34 528 56 45 438 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 123 0 146 146 0 34 584 0 45 460 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type Prot Prot pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 2 6
Actuated Green, G (s) 4.2 8.2 9.8 13.8 30.4 26.9 33.6 28.5
Effective Green, g (s) 4.2 8.2 9.8 13.8 30.4 26.9 33.6 28.5
Actuated g/C Ratio 0.06 0.12 0.14 0.20 0.43 0.38 0.48 0.41
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 108 195 253 327 427 1320 420 1419
v/s Ratio Prot 0.02 c0.07 c0.08 c0.09 0.00 c0.17 c0.01 0.13
v/s Ratio Perm 0.03 0.04
v/c Ratio 0.42 0.63 0.58 0.45 0.08 0.44 0.11 0.32
Uniform Delay, d1 31.7 29.5 28.2 24.7 12.5 16.0 12.3 14.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.84 1.00 1.00
Incremental Delay, d2 2.6 6.5 3.2 1.0 0.1 1.1 0.1 0.1
Delay (s) 34.3 36.0 31.3 25.7 12.5 14.5 12.4 14.3
Level of Service C D C C B B B B
Approach Delay (s) 35.5 28.5 14.4 14.1
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 19.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 50.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 10 10 360 0 5 100 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 13 13 474 0 7 132 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 664 645 474 661 645 132 132 474
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 664 645 474 661 645 132 132 474
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 357 388 595 361 388 923 1466 1099

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 26 487 138
Volume Left 7 0 13 7
Volume Right 13 13 0 0
cSH 458 546 1466 1099
Volume to Capacity 0.06 0.05 0.01 0.01
Queue Length 95th (ft) 5 4 1 0
Control Delay (s) 13.3 11.9 0.3 0.4
Lane LOS B B A A
Approach Delay (s) 13.3 11.9 0.3 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 380 5 0 100 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 494 6 0 130 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 636 633 133 643 633 497 136 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 636 633 133 643 633 497 136 500
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 389 400 921 377 400 577 1460 1075

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 500 136
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 445 577 1460 1075
Volume to Capacity 0.07 0.01 0.00 0.00
Queue Length 95th (ft) 6 1 0 0
Control Delay (s) 13.7 11.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.7 11.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 35.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 10 10 20 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 11 11 22 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 71 16 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 71 16 22
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 99
cM capacity (veh/h) 926 1069 1607

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 22 33
Volume Left 5 0 22
Volume Right 11 11 0
cSH 1016 1700 1607
Volume to Capacity 0.02 0.01 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 8.6 0.0 4.9
Lane LOS A A
Approach Delay (s) 8.6 0.0 4.9
Approach LOS A

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 18.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 20 5 5 10 5 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 22 5 5 11 5 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 27 68 62 24 68 62 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 27 68 62 24 68 62 14
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1614 1600 916 827 1058 915 827 1072

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 33 22 16 16
Volume Left 5 5 5 5
Volume Right 5 5 5 5
cSH 1614 1600 924 927
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 1.2 1.8 9.0 9.0
Lane LOS A A A A
Approach Delay (s) 1.2 1.8 9.0 9.0
Approach LOS A A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 5 30 10 5 10 10 280 5 5 560 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1568 1760 3390 3538 1346
Flt Permitted 0.91 1.00 1.00 0.87 0.94 0.95 1.00
Satd. Flow (perm) 1727 1900 1568 1553 3180 3374 1346
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 5 5 32 11 5 11 11 295 5 5 589 5
RTOR Reduction (vph) 0 0 30 0 10 0 0 1 0 0 0 1
Lane Group Flow (vph) 5 5 2 0 17 0 0 310 0 0 594 4
Heavy Vehicles (%) 0% 0% 3% 0% 0% 0% 10% 6% 0% 0% 2% 20%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 4.4 4.4 4.4 4.4 55.6 55.6 55.6
Effective Green, g (s) 4.4 4.4 4.4 4.4 55.6 55.6 55.6
Actuated g/C Ratio 0.06 0.06 0.06 0.06 0.79 0.79 0.79
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 109 119 99 98 2526 2680 1069
v/s Ratio Prot 0.00
v/s Ratio Perm 0.00 0.00 c0.01 0.10 c0.18 0.00
v/c Ratio 0.05 0.04 0.02 0.17 0.12 0.22 0.00
Uniform Delay, d1 30.8 30.8 30.8 31.1 1.6 1.8 1.5
Progression Factor 1.00 1.00 1.00 1.00 0.82 0.86 0.87
Incremental Delay, d2 0.2 0.1 0.1 0.8 0.1 0.2 0.0
Delay (s) 31.0 31.0 30.9 31.9 1.4 1.7 1.3
Level of Service C C C C A A A
Approach Delay (s) 30.9 31.9 1.4 1.7
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 3.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.22
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 70 10 220 0 0 550 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1687 1417 1826 1863 1553
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1687 1417 1787 1863 1553
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 74 11 234 0 0 585 53
RTOR Reduction (vph) 0 0 0 0 0 67 0 0 0 0 0 12
Lane Group Flow (vph) 0 0 0 43 0 7 0 245 0 0 585 41
Heavy Vehicles (%) 0% 0% 0% 7% 0% 14% 0% 4% 0% 0% 2% 4%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 6.4 6.4 53.6 53.6 53.6
Effective Green, g (s) 6.4 6.4 53.6 53.6 53.6
Actuated g/C Ratio 0.09 0.09 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 154 130 1368 1427 1189
v/s Ratio Prot c0.03 c0.31
v/s Ratio Perm 0.00 0.14 0.03
v/c Ratio 0.28 0.05 0.18 0.41 0.03
Uniform Delay, d1 29.6 29.0 2.2 2.8 2.0
Progression Factor 1.00 1.00 0.62 0.61 0.02
Incremental Delay, d2 1.0 0.2 0.3 0.9 0.1
Delay (s) 30.6 29.2 1.6 2.6 0.1
Level of Service C C A A A
Approach Delay (s) 0.0 29.7 1.6 2.4
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 5.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 39.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 0 20 0 0 0 0 150 210 470 130 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1750 1705 1793
Flt Permitted 0.96 1.00 0.54
Satd. Flow (perm) 1750 1705 1012
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 99 0 22 0 0 0 0 165 231 516 143 0
RTOR Reduction (vph) 0 12 0 0 0 0 0 51 0 0 0 0
Lane Group Flow (vph) 0 109 0 0 0 0 0 345 0 0 659 0
Heavy Vehicles (%) 1% 0% 5% 0% 0% 0% 0% 5% 1% 2% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 54.4 54.4
Effective Green, g (s) 5.6 54.4 54.4
Actuated g/C Ratio 0.08 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 140 1325 786
v/s Ratio Prot 0.20
v/s Ratio Perm 0.06 c0.65
v/c Ratio 0.78 0.26 0.84
Uniform Delay, d1 31.6 2.2 5.0
Progression Factor 1.00 1.00 1.17
Incremental Delay, d2 23.4 0.5 9.9
Delay (s) 55.0 2.7 15.8
Level of Service D A B
Approach Delay (s) 55.0 0.0 2.7 15.8
Approach LOS D A A B

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 350 0 5 140
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 376 0 5 151
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 538 376 376
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 538 376 376
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 98 100
cM capacity (veh/h) 505 675 1090

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 376 156
Volume Left 0 0 5
Volume Right 11 0 0
cSH 675 1700 1090
Volume to Capacity 0.02 0.22 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.4 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.4 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 28.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 380 60 5 110 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 481 76 6 139 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 696 734 139 712 696 519 139 557
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 696 734 139 712 696 519 139 557
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 89 100 100 99 99
cM capacity (veh/h) 355 345 914 333 362 561 1457 1024

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 570 146
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 506 333 1457 1024
Volume to Capacity 0.05 0.11 0.01 0.01
Queue Length 95th (ft) 4 10 1 0
Control Delay (s) 12.5 17.2 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 12.5 17.2 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 39.2% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 400 60 20 130 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 513 77 26 167 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 590 769 551
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 590 769 551
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 97 93 88
cM capacity (veh/h) 976 353 534

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 590 192 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 976 466
Volume to Capacity 0.35 0.03 0.19
Queue Length 95th (ft) 0 2 18
Control Delay (s) 0.0 1.4 14.6
Lane LOS A B
Approach Delay (s) 0.0 1.4 14.6
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 35.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 70 30 20 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 83 36 24 6 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 143 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 143 48
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1557 851 1027

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 89 60 6
Volume Left 6 0 6
Volume Right 0 24 0
cSH 1557 1700 851
Volume to Capacity 0.00 0.04 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.5 0.0 9.3
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 17.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 20 10 5 20 50 10 270 10 30 60 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 79 22 11 6 22 56 11 303 11 34 67 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 112 84 326 146
Volume Left (vph) 79 6 11 34
Volume Right (vph) 11 56 11 45
Hadj (s) 0.11 -0.36 0.03 -0.11
Departure Headway (s) 5.3 4.8 4.6 4.7
Degree Utilization, x 0.16 0.11 0.42 0.19
Capacity (veh/h) 620 662 747 715
Control Delay (s) 9.3 8.5 10.9 8.8
Approach Delay (s) 9.3 8.5 10.9 8.8
Approach LOS A A B A

Intersection Summary
Delay 9.9
HCM Level of Service A
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 410 1630 0 570 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 461 1831 0 640 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2292 781 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2292 781 230
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 224 336 778

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 230 230 1831 320 320
Volume Left 0 0 0 0 0
Volume Right 0 0 1831 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.14 0.14 1.08 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 5 5 320 90 10 20 5 40 20 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 6 6 386 108 12 24 6 48 24 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 151 500 42 96
Volume Left (vph) 24 6 12 48
Volume Right (vph) 6 108 6 24
Hadj (s) 0.08 -0.07 -0.03 -0.02
Departure Headway (s) 4.9 4.4 5.6 5.4
Degree Utilization, x 0.21 0.61 0.07 0.15
Capacity (veh/h) 683 793 558 586
Control Delay (s) 9.2 14.1 8.9 9.4
Approach Delay (s) 9.2 14.1 8.9 9.4
Approach LOS A B A A

Intersection Summary
Delay 12.3
HCM Level of Service B
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 310 60 250 720 250 70 170 160 160 170 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3325 3390 1787 1694 1736 1773
Flt Permitted 0.78 0.75 0.54 1.00 0.34 1.00
Satd. Flow (perm) 2598 2551 1009 1694 627 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 356 69 287 828 287 80 195 184 184 195 57
RTOR Reduction (vph) 0 21 0 0 33 0 0 49 0 0 15 0
Lane Group Flow (vph) 0 438 0 0 1369 0 80 330 0 184 237 0
Heavy Vehicles (%) 0% 7% 2% 1% 3% 1% 1% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 37.8 37.8 20.5 20.5 20.5 20.5
Effective Green, g (s) 37.8 37.8 20.5 20.5 20.5 20.5
Actuated g/C Ratio 0.54 0.54 0.29 0.29 0.29 0.29
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1403 1378 295 496 184 519
v/s Ratio Prot 0.19 0.13
v/s Ratio Perm 0.17 c0.54 0.08 c0.29
v/c Ratio 0.31 0.99 0.27 0.67 1.00 0.46
Uniform Delay, d1 8.9 16.0 19.0 21.7 24.7 20.2
Progression Factor 1.00 0.32 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 21.4 0.5 3.4 66.3 0.6
Delay (s) 9.5 26.5 19.5 25.1 91.1 20.8
Level of Service A C B C F C
Approach Delay (s) 9.5 26.5 24.1 50.5
Approach LOS A C C D

Intersection Summary
HCM Average Control Delay 27.1 HCM Level of Service C
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 640 20 40 1180 40 20 10 50 70 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3608 3703 1770 1856
Flt Permitted 0.93 0.91 0.92 0.80
Satd. Flow (perm) 3362 3382 1652 1524
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 688 22 43 1269 43 22 11 54 75 11 32
RTOR Reduction (vph) 0 2 0 0 2 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 719 0 0 1353 0 0 40 0 0 93 0
Heavy Vehicles (%) 0% 5% 0% 3% 2% 0% 4% 0% 2% 1% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 51.9 51.9 9.1 9.1
Effective Green, g (s) 51.9 51.9 9.1 9.1
Actuated g/C Ratio 0.74 0.74 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2493 2508 215 198
v/s Ratio Prot
v/s Ratio Perm 0.21 c0.40 0.02 c0.06
v/c Ratio 0.29 0.54 0.19 0.47
Uniform Delay, d1 3.0 3.9 27.1 28.2
Progression Factor 0.45 0.27 1.00 1.00
Incremental Delay, d2 0.2 0.2 0.4 1.8
Delay (s) 1.6 1.2 27.6 30.0
Level of Service A A C C
Approach Delay (s) 1.6 1.2 27.6 30.0
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 3.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 80.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 760 10 30 1290 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3433 3523 1678 1776
Flt Permitted 0.93 0.92 0.93 0.80
Satd. Flow (perm) 3201 3259 1583 1467
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 817 11 32 1387 43 11 5 22 43 11 22
RTOR Reduction (vph) 0 1 0 0 3 0 0 20 0 0 20 0
Lane Group Flow (vph) 0 838 0 0 1459 0 0 18 0 0 56 0
Heavy Vehicles (%) 0% 5% 0% 0% 2% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 54.5 54.5 6.5 6.5
Effective Green, g (s) 54.5 54.5 6.5 6.5
Actuated g/C Ratio 0.78 0.78 0.09 0.09
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2492 2537 147 136
v/s Ratio Prot
v/s Ratio Perm 0.26 c0.45 0.01 c0.04
v/c Ratio 0.34 0.58 0.12 0.41
Uniform Delay, d1 2.3 3.1 29.1 29.9
Progression Factor 0.77 0.77 1.00 1.00
Incremental Delay, d2 0.4 0.2 0.4 2.0
Delay (s) 2.2 2.6 29.5 32.0
Level of Service A A C C
Approach Delay (s) 2.2 2.6 29.5 32.0
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 3.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 450 250 190 1070 600 150 190 60 280 240 110
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3585 1583 1770 3539 1583 1770 3539 1583 3433 3539 1583
Flt Permitted 0.16 1.00 1.00 0.43 1.00 1.00 0.59 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 292 3585 1583 804 3539 1583 1097 3539 1583 3433 3539 1583
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 143 495 275 209 1176 659 165 209 66 308 264 121
RTOR Reduction (vph) 0 0 175 0 0 290 0 0 58 0 0 105
Lane Group Flow (vph) 143 495 100 209 1176 369 165 209 8 308 264 16
Heavy Vehicles (%) 2% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 30.3 25.5 25.5 32.7 26.7 26.7 14.2 8.0 8.0 7.5 9.3 9.3
Effective Green, g (s) 30.3 25.5 25.5 32.7 26.7 26.7 14.2 8.0 8.0 7.5 9.3 9.3
Actuated g/C Ratio 0.43 0.36 0.36 0.47 0.38 0.38 0.20 0.11 0.11 0.11 0.13 0.13
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 228 1306 577 458 1350 604 282 404 181 368 470 210
v/s Ratio Prot c0.04 0.14 0.04 c0.33 0.05 0.06 c0.09 c0.07
v/s Ratio Perm 0.23 0.06 0.17 0.23 0.07 0.00 0.01
v/c Ratio 0.63 0.38 0.17 0.46 0.87 0.61 0.59 0.52 0.04 0.84 0.56 0.08
Uniform Delay, d1 14.3 16.4 15.1 11.3 20.1 17.5 24.5 29.2 27.6 30.7 28.4 26.6
Progression Factor 1.49 0.83 0.71 0.74 0.96 1.44 0.91 0.94 0.89 1.00 1.00 1.00
Incremental Delay, d2 3.7 0.8 0.6 0.2 6.6 3.7 2.0 0.5 0.0 14.5 0.9 0.1
Delay (s) 24.9 14.4 11.4 8.6 25.9 28.9 24.2 27.8 24.6 45.2 29.4 26.6
Level of Service C B B A C C C C C D C C
Approach Delay (s) 15.1 25.1 26.0 35.9
Approach LOS B C C D

Intersection Summary
HCM Average Control Delay 24.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 70.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 120 20 690 110 10 1740
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1553 3654 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1553 3654 1553 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 124 21 711 113 10 1794
RTOR Reduction (vph) 0 19 0 97 0 0
Lane Group Flow (vph) 124 2 711 16 10 1794
Heavy Vehicles (%) 4% 4% 4% 4% 0% 2%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 7.7 7.7 46.9 7.7 1.4 51.3
Effective Green, g (s) 7.7 7.7 46.9 7.7 1.4 51.3
Actuated g/C Ratio 0.11 0.11 0.67 0.11 0.02 0.73
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 191 171 2448 171 36 2730
v/s Ratio Prot c0.07 0.19 0.01 0.01 c0.48
v/s Ratio Perm 0.00
v/c Ratio 0.65 0.01 0.29 0.09 0.28 0.66
Uniform Delay, d1 29.9 27.8 4.7 28.0 33.8 4.8
Progression Factor 1.00 1.00 0.54 2.17 1.00 1.00
Incremental Delay, d2 7.4 0.0 0.3 0.2 4.2 1.3
Delay (s) 37.3 27.8 2.8 61.1 38.0 6.1
Level of Service D C A E D A
Approach Delay (s) 35.9 10.8 6.2
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 9.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1310 180 520 1350 40 140 20 400 40 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.89
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1820 2842 1805 1685
Flt Permitted 0.11 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.52 1.00
Satd. Flow (perm) 215 3689 1599 3502 3689 1615 1368 2842 995 1685
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1472 202 584 1517 45 157 22 449 45 11 34
RTOR Reduction (vph) 0 0 110 0 0 16 0 0 18 0 29 0
Lane Group Flow (vph) 45 1472 92 584 1517 29 0 179 431 45 16 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type pm+pt Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 2 6 8 4
Actuated Green, G (s) 36.6 36.6 36.6 15.6 51.0 51.0 12.2 31.8 12.2 12.2
Effective Green, g (s) 36.6 36.6 36.6 15.6 51.0 51.0 12.2 27.8 12.2 12.2
Actuated g/C Ratio 0.46 0.46 0.46 0.20 0.64 0.64 0.15 0.35 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 122 1688 732 683 2352 1030 209 988 152 257
v/s Ratio Prot 0.01 c0.40 c0.17 0.41 0.15 0.01
v/s Ratio Perm 0.16 0.06 0.02 c0.13 0.05
v/c Ratio 0.37 0.87 0.13 0.86 0.64 0.03 0.86 0.44 0.30 0.06
Uniform Delay, d1 15.0 19.6 12.5 31.1 8.9 5.4 33.0 20.1 30.1 29.0
Progression Factor 1.00 1.00 1.00 0.91 0.86 0.92 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 6.5 0.4 7.3 1.0 0.0 26.6 0.1 0.4 0.0
Delay (s) 15.7 26.1 12.8 35.7 8.7 5.0 59.6 20.2 30.5 29.0
Level of Service B C B D A A E C C C
Approach Delay (s) 24.3 16.0 31.4 29.8
Approach LOS C B C C

Intersection Summary
HCM Average Control Delay 21.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1510 240 120 530 0 0 0 0 140 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.0 5.0 5.0 2.5
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3462 1719 3725 1787 2787
Flt Permitted 1.00 0.28 1.00 0.95 1.00
Satd. Flow (perm) 3462 506 3725 1787 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1589 253 126 558 0 0 0 0 147 0 1453
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 40
Lane Group Flow (vph) 0 1828 0 126 558 0 0 0 0 147 0 1413
Heavy Vehicles (%) 0% 2% 3% 5% 2% 0% 0% 0% 0% 1% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 5
Permitted Phases 6 4 4
Actuated Green, G (s) 48.0 20.7 20.7 11.6 46.8
Effective Green, g (s) 48.0 20.7 20.7 11.6 46.8
Actuated g/C Ratio 0.60 0.26 0.26 0.14 0.58
Clearance Time (s) 5.0 4.0 5.0 5.0 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2077 228 964 259 1717
v/s Ratio Prot c0.53 0.04 c0.15 c0.36
v/s Ratio Perm 0.10 0.08 0.15
v/c Ratio 0.88 0.55 0.58 0.57 0.82
Uniform Delay, d1 13.6 24.4 25.8 31.9 13.3
Progression Factor 0.63 0.83 0.86 1.00 1.00
Incremental Delay, d2 4.0 2.6 2.3 2.8 3.3
Delay (s) 12.5 22.9 24.5 34.7 16.6
Level of Service B C C C B
Approach Delay (s) 12.5 24.2 0.0 18.3
Approach LOS B C A B

Intersection Summary
HCM Average Control Delay 16.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 530 0 0 560 20 90 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1850 1608
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1850 1608
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 602 0 0 636 23 102 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 22 0 0 0 0
Lane Group Flow (vph) 0 602 0 0 658 0 0 125 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 2% 9% 7% 0% 15% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 58.5 58.5 11.5
Effective Green, g (s) 58.5 58.5 11.5
Actuated g/C Ratio 0.73 0.73 0.14
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2751 1353 231
v/s Ratio Prot 0.16 c0.36
v/s Ratio Perm 0.08
v/c Ratio 0.22 0.49 0.54
Uniform Delay, d1 3.4 4.5 31.8
Progression Factor 0.45 1.00 1.00
Incremental Delay, d2 0.1 1.3 2.4
Delay (s) 1.7 5.7 34.2
Level of Service A A C
Approach Delay (s) 1.7 5.7 34.2 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
10: Sante Fe & Moonlight PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 110 130 270 70 160 530
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3430 1770 3539
Flt Permitted 0.95 1.00 1.00 0.53 1.00
Satd. Flow (perm) 1770 1583 3430 995 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 118 140 290 75 172 570
RTOR Reduction (vph) 0 120 22 0 0 0
Lane Group Flow (vph) 118 20 343 0 172 570
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 10.2 10.2 49.8 49.8 49.8
Effective Green, g (s) 10.2 10.2 49.8 49.8 49.8
Actuated g/C Ratio 0.15 0.15 0.71 0.71 0.71
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 258 231 2440 708 2518
v/s Ratio Prot c0.07 0.10 0.16
v/s Ratio Perm 0.01 c0.17
v/c Ratio 0.46 0.09 0.14 0.24 0.23
Uniform Delay, d1 27.4 25.9 3.2 3.5 3.5
Progression Factor 1.00 1.00 1.00 1.14 1.28
Incremental Delay, d2 1.3 0.2 0.1 0.7 0.2
Delay (s) 28.7 26.0 3.4 4.8 4.6
Level of Service C C A A A
Approach Delay (s) 27.2 3.4 4.7
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 8.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.28
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 20 20 140 0 5 300 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 25 25 177 0 6 380 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 652 627 177 636 623 383 386 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 652 627 177 636 623 383 386 177
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 97 99 96 98 96 98 100
cM capacity (veh/h) 357 393 871 360 394 658 1183 1411

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 44 203 392
Volume Left 0 13 25 6
Volume Right 6 25 0 6
cSH 481 494 1183 1411
Volume to Capacity 0.04 0.09 0.02 0.00
Queue Length 95th (ft) 3 7 2 0
Control Delay (s) 12.8 13.0 1.2 0.2
Lane LOS B B A A
Approach Delay (s) 12.8 13.0 1.2 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 0 10 10 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 0 11 11 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 22 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 11 0 5
Hadj (s) -0.10 -0.30 0.10 -0.13
Departure Headway (s) 3.9 3.7 4.1 3.9
Degree Utilization, x 0.02 0.02 0.01 0.02
Capacity (veh/h) 915 965 855 916
Control Delay (s) 7.0 6.8 7.2 6.9
Approach Delay (s) 7.0 6.8 7.2 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 0 0 160 20 0 310 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 0 0 203 25 0 392 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 614 620 392 614 608 215 392 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 614 620 392 614 608 215 392 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 100 100 100
cM capacity (veh/h) 397 406 661 397 413 830 1177 1352

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 25 228 392
Volume Left 6 13 0 0
Volume Right 0 0 25 0
cSH 403 405 1177 1352
Volume to Capacity 0.05 0.06 0.00 0.00
Queue Length 95th (ft) 4 5 0 0
Control Delay (s) 14.4 14.5 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.4 14.5 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 20 5 5 10 20 5 5 5 5 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 22 5 5 11 22 5 5 5 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 33 27 65 68 24 65 60 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 33 27 65 68 24 65 60 22
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1592 1600 922 824 1058 922 832 1061

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 27 38 16 16
Volume Left 0 5 5 5
Volume Right 5 22 5 5
cSH 1592 1600 925 929
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 1
Control Delay (s) 0.0 1.1 9.0 8.9
Lane LOS A A A
Approach Delay (s) 0.0 1.1 9.0 8.9
Approach LOS A A

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 16.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 30 30 60 40 50 80 310 120 70 280 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.92 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1732 1770 1700 1787 3320 1787 3402
Flt Permitted 0.69 1.00 0.61 1.00 0.53 1.00 0.45 1.00
Satd. Flow (perm) 1276 1732 1145 1700 999 3320 849 3402
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 34 34 34 67 45 56 90 348 135 79 315 56
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 34 68 0 67 101 0 90 483 0 79 371 0
Heavy Vehicles (%) 3% 0% 3% 2% 3% 2% 1% 5% 2% 1% 4% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 11.6 8.8 14.4 10.2 33.0 26.4 31.0 25.4
Effective Green, g (s) 11.6 8.8 14.4 10.2 33.0 26.4 31.0 25.4
Actuated g/C Ratio 0.18 0.14 0.22 0.16 0.51 0.41 0.48 0.39
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 248 234 294 267 587 1348 486 1329
v/s Ratio Prot 0.01 0.04 c0.01 c0.06 c0.02 c0.15 0.01 0.11
v/s Ratio Perm 0.02 0.04 0.06 0.06
v/c Ratio 0.14 0.29 0.23 0.38 0.15 0.36 0.16 0.28
Uniform Delay, d1 22.4 25.3 20.5 24.6 8.7 13.4 10.5 13.5
Progression Factor 1.00 1.00 1.00 1.00 0.78 0.92 1.00 1.00
Incremental Delay, d2 0.3 0.7 0.4 0.9 0.1 0.7 0.2 0.1
Delay (s) 22.6 26.0 20.9 25.5 6.9 13.1 10.7 13.7
Level of Service C C C C A B B B
Approach Delay (s) 24.9 23.6 12.1 13.1
Approach LOS C C B B

Intersection Summary
HCM Average Control Delay 15.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.28
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 180 5 10 320 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 237 7 13 421 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 711 701 240 711 704 421 421 243
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 711 701 240 711 704 421 421 243
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 99
cM capacity (veh/h) 338 360 804 339 358 637 1149 1335

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 250 434
Volume Left 7 0 7 13
Volume Right 7 7 7 0
cSH 430 459 1149 1335
Volume to Capacity 0.05 0.03 0.01 0.01
Queue Length 95th (ft) 4 2 0 1
Control Delay (s) 13.8 13.1 0.3 0.3
Lane LOS B B A A
Approach Delay (s) 13.8 13.1 0.3 0.3
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 170 0 0 320 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 221 0 0 416 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 646 643 422 643 649 221 429 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 646 643 422 643 649 221 429 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 98 100 100 100
cM capacity (veh/h) 382 395 636 389 391 824 1142 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 221 429
Volume Left 0 6 0 0
Volume Right 0 0 0 13
cSH 1700 390 1142 1360
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 3 0 0
Control Delay (s) 0.0 14.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 14.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 10 10 5 5 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 11 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 986 1072 1614

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 16 11
Volume Left 11 0 5
Volume Right 11 5 0
cSH 1027 1700 1614
Volume to Capacity 0.02 0.01 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.6 0.0 3.6
Lane LOS A A
Approach Delay (s) 8.6 0.0 3.6
Approach LOS A

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 5 0 5 10 10 5 5 5 10 5 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 0 5 11 11 5 5 5 11 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 5 52 49 5 52 43 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 5 52 49 5 52 43 16
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 99 99 99 99 99 99
cM capacity (veh/h) 1607 1629 938 841 1083 938 847 1069

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 11 27 16 22
Volume Left 5 5 5 11
Volume Right 0 11 5 5
cSH 1607 1629 944 941
Volume to Capacity 0.00 0.00 0.02 0.02
Queue Length 95th (ft) 0 0 1 2
Control Delay (s) 3.6 1.5 8.9 8.9
Lane LOS A A A A
Approach Delay (s) 3.6 1.5 8.9 8.9
Approach LOS A A

Intersection Summary
Average Delay 5.5
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 10 30 20 10 20 20 580 20 20 440 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.95 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 1.00 1.00 1.00
Satd. Flow (prot) 1805 1900 1468 1762 3452 3502 1468
Flt Permitted 0.82 1.00 1.00 0.86 0.94 0.92 1.00
Satd. Flow (perm) 1551 1900 1468 1554 3234 3226 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 11 32 22 11 22 21 611 22 22 463 11
RTOR Reduction (vph) 0 0 30 0 20 0 0 2 0 0 0 3
Lane Group Flow (vph) 11 11 2 0 35 0 0 652 0 0 485 8
Heavy Vehicles (%) 0% 0% 10% 0% 0% 0% 5% 4% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 4.9 4.9 4.9 4.9 50.1 50.1 50.1
Effective Green, g (s) 4.9 4.9 4.9 4.9 50.1 50.1 50.1
Actuated g/C Ratio 0.08 0.08 0.08 0.08 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 117 143 111 117 2493 2487 1131
v/s Ratio Prot 0.01
v/s Ratio Perm 0.01 0.00 c0.02 c0.20 0.15 0.01
v/c Ratio 0.09 0.08 0.02 0.30 0.26 0.20 0.01
Uniform Delay, d1 28.0 27.9 27.8 28.4 2.1 2.0 1.7
Progression Factor 1.00 1.00 1.00 1.00 0.83 0.47 0.40
Incremental Delay, d2 0.4 0.2 0.1 1.4 0.2 0.2 0.0
Delay (s) 28.3 28.2 27.9 29.8 2.0 1.1 0.7
Level of Service C C C C A A A
Approach Delay (s) 28.1 29.8 2.0 1.1
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 4.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.26
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 49.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 170 0 450 10 170 0 0 400 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1736 1538 1816 1845 1538
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1736 1538 1778 1845 1538
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 181 0 479 11 181 0 0 426 106
RTOR Reduction (vph) 0 0 0 0 0 383 0 0 0 0 0 38
Lane Group Flow (vph) 0 0 0 181 0 96 0 192 0 0 426 68
Heavy Vehicles (%) 0% 0% 0% 4% 0% 5% 10% 4% 0% 0% 3% 5%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 13.0 13.0 42.0 42.0 42.0
Effective Green, g (s) 13.0 13.0 42.0 42.0 42.0
Actuated g/C Ratio 0.20 0.20 0.65 0.65 0.65
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 347 308 1149 1192 994
v/s Ratio Prot c0.10 c0.23
v/s Ratio Perm 0.06 0.11 0.04
v/c Ratio 0.52 0.31 0.17 0.36 0.07
Uniform Delay, d1 23.2 22.2 4.6 5.3 4.3
Progression Factor 1.00 1.00 0.79 0.44 0.29
Incremental Delay, d2 1.4 0.6 0.3 0.8 0.1
Delay (s) 24.6 22.8 3.9 3.1 1.4
Level of Service C C A A A
Approach Delay (s) 0.0 23.3 3.9 2.8
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 12.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.40
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 45.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 20 0 0 0 0 130 50 240 320 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 0.96 1.00
Flt Protected 0.97 1.00 0.98
Satd. Flow (prot) 1695 1771 1803
Flt Permitted 0.97 1.00 0.77
Satd. Flow (perm) 1695 1771 1419
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 55 11 22 0 0 0 0 143 55 264 352 0
RTOR Reduction (vph) 0 19 0 0 0 0 0 13 0 0 0 0
Lane Group Flow (vph) 0 69 0 0 0 0 0 185 0 0 616 0
Heavy Vehicles (%) 6% 0% 5% 0% 0% 0% 0% 3% 4% 6% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 49.4 49.4
Effective Green, g (s) 5.6 49.4 49.4
Actuated g/C Ratio 0.09 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 146 1346 1078
v/s Ratio Prot 0.10
v/s Ratio Perm 0.04 c0.43
v/c Ratio 0.47 0.14 0.57
Uniform Delay, d1 28.3 2.1 3.3
Progression Factor 1.00 1.00 0.86
Incremental Delay, d2 2.4 0.2 2.1
Delay (s) 30.7 2.3 5.0
Level of Service C A A
Approach Delay (s) 30.7 0.0 2.3 5.0
Approach LOS C A A A

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 58.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 180 5 10 330
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 194 5 11 355
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 573 196 199
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 573 196 199
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 481 801 1327

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 199 366
Volume Left 0 0 11
Volume Right 5 5 0
cSH 801 1700 1327
Volume to Capacity 0.01 0.12 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 9.5 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.5 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 35.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 180 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 228 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 766 788 484 778 766 253 487 278
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 766 788 484 778 766 253 487 278
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 87 98 100 99 100
cM capacity (veh/h) 315 322 587 298 331 790 1086 1296

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 291 487
Volume Left 0 38 13 0
Volume Right 13 0 51 6
cSH 460 303 1086 1296
Volume to Capacity 0.04 0.15 0.01 0.00
Queue Length 95th (ft) 3 13 1 0
Control Delay (s) 13.2 18.9 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 18.9 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 190 20 60 350 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 244 26 77 449 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 269 859 256
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 269 859 256
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 71 93
cM capacity (veh/h) 1306 309 787

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 269 526 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1306 396
Volume to Capacity 0.16 0.06 0.36
Queue Length 95th (ft) 0 5 39
Control Delay (s) 0.0 1.7 19.0
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.0
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 49.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 40 50 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 48 60 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 65 122 62
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 65 122 62
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1549 875 1008

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 54 65 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1549 1700 915
Volume to Capacity 0.00 0.04 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.8 0.0 9.0
Lane LOS A A
Approach Delay (s) 0.8 0.0 9.0
Approach LOS A

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 16.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 40 10 100 10 40 190 50
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 45 11 112 11 45 213 56

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 90 135 315
Volume Left (vph) 22 11 11 45
Volume Right (vph) 22 45 11 56
Hadj (s) -0.13 -0.23 0.02 -0.04
Departure Headway (s) 4.9 4.8 4.7 4.4
Degree Utilization, x 0.09 0.12 0.18 0.39
Capacity (veh/h) 655 674 729 782
Control Delay (s) 8.4 8.5 8.7 10.2
Approach Delay (s) 8.4 8.5 8.7 10.2
Approach LOS A A A B

Intersection Summary
Delay 9.4
HCM Level of Service A
Intersection Capacity Utilization 35.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Gardner - (Improved)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 530 1120 0 650 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 596 1258 0 730 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1854 961 298
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1854 961 298
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 331 258 704

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 298 298 1258 365 365
Volume Left 0 0 0 0 0
Volume Right 0 0 1258 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.18 0.18 0.74 0.21 0.21
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15

2015 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 5 0 60 60 10 100 5 100 30 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 6 0 72 72 12 120 6 120 36 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 488 145 139 181
Volume Left (vph) 84 0 12 120
Volume Right (vph) 6 72 6 24
Hadj (s) 0.10 -0.23 0.04 0.13
Departure Headway (s) 5.2 5.4 6.0 6.0
Degree Utilization, x 0.71 0.22 0.23 0.30
Capacity (veh/h) 668 595 522 535
Control Delay (s) 19.9 10.0 10.9 11.6
Approach Delay (s) 19.9 10.0 10.9 11.6
Approach LOS C A B B

Intersection Summary
Delay 15.5
HCM Level of Service C
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 640 70 110 250 120 80 370 220 160 230 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3394 3187 1805 1725 1736 1798
Flt Permitted 0.87 0.55 0.56 1.00 0.22 1.00
Satd. Flow (perm) 2967 1780 1066 1725 395 1798
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 736 80 126 287 138 92 425 253 184 264 34
RTOR Reduction (vph) 0 12 0 0 50 0 0 31 0 0 7 0
Lane Group Flow (vph) 0 861 0 0 501 0 92 647 0 184 291 0
Heavy Vehicles (%) 4% 5% 1% 7% 9% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 22.1 22.1 31.2 31.2 31.2 31.2
Effective Green, g (s) 22.1 22.1 31.2 31.2 31.2 31.2
Actuated g/C Ratio 0.34 0.34 0.48 0.48 0.48 0.48
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1009 605 512 828 190 863
v/s Ratio Prot 0.38 0.16
v/s Ratio Perm c0.29 0.28 0.09 c0.47
v/c Ratio 0.85 0.83 0.18 0.78 0.97 0.34
Uniform Delay, d1 19.9 19.7 9.6 14.1 16.4 10.5
Progression Factor 1.00 0.70 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.1 12.2 0.2 4.8 55.5 0.2
Delay (s) 29.1 26.1 9.8 18.9 71.9 10.7
Level of Service C C A B E B
Approach Delay (s) 29.1 26.1 17.8 34.1
Approach LOS C C B C

Intersection Summary
HCM Average Control Delay 26.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 96.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1010 10 10 450 50 10 5 30 80 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3615 3494 1799 1857
Flt Permitted 0.94 0.93 0.94 0.77
Satd. Flow (perm) 3404 3260 1715 1478
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 1086 11 11 484 54 11 5 32 86 11 32
RTOR Reduction (vph) 0 1 0 0 7 0 0 28 0 0 25 0
Lane Group Flow (vph) 0 1118 0 0 542 0 0 20 0 0 104 0
Heavy Vehicles (%) 0% 5% 0% 0% 8% 0% 0% 0% 0% 0% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 46.9 46.9 9.1 9.1
Effective Green, g (s) 46.9 46.9 9.1 9.1
Actuated g/C Ratio 0.72 0.72 0.14 0.14
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2456 2352 240 207
v/s Ratio Prot
v/s Ratio Perm c0.33 0.17 0.01 c0.07
v/c Ratio 0.46 0.23 0.09 0.50
Uniform Delay, d1 3.8 3.0 24.3 25.9
Progression Factor 0.48 0.97 1.00 1.00
Incremental Delay, d2 0.3 0.0 0.2 1.9
Delay (s) 2.1 3.0 24.5 27.8
Level of Service A A C C
Approach Delay (s) 2.1 3.0 24.5 27.8
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 61.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1100 10 10 450 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3461 3286 1605 1740
Flt Permitted 0.92 0.93 0.96 0.76
Satd. Flow (perm) 3189 3056 1557 1372
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 1183 11 11 484 65 5 5 22 108 5 32
RTOR Reduction (vph) 0 1 0 0 13 0 0 19 0 0 17 0
Lane Group Flow (vph) 0 1236 0 0 547 0 0 13 0 0 128 0
Heavy Vehicles (%) 5% 4% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 46.5 46.5 9.5 9.5
Effective Green, g (s) 46.5 46.5 9.5 9.5
Actuated g/C Ratio 0.72 0.72 0.15 0.15
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2281 2186 228 201
v/s Ratio Prot
v/s Ratio Perm c0.39 0.18 0.01 c0.09
v/c Ratio 0.54 0.25 0.06 0.64
Uniform Delay, d1 4.3 3.2 23.9 26.1
Progression Factor 0.54 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 6.5
Delay (s) 3.2 3.3 24.0 32.6
Level of Service A A C C
Approach Delay (s) 3.2 3.3 24.0 32.6
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 1050 150 40 340 180 140 130 130 490 170 60
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3654 1568 1752 3282 1583 1770 3539 1538 3433 3505 1538
Flt Permitted 0.51 1.00 1.00 0.12 1.00 1.00 0.63 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 926 3654 1568 230 3282 1583 1181 3539 1538 3433 3505 1538
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 1154 165 44 374 198 154 143 143 538 187 66
RTOR Reduction (vph) 0 0 94 0 0 116 0 0 129 0 0 54
Lane Group Flow (vph) 88 1154 71 44 374 82 154 143 14 538 187 12
Heavy Vehicles (%) 5% 4% 3% 3% 10% 2% 2% 2% 5% 2% 3% 5%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 43.5 38.6 38.6 40.9 37.3 37.3 17.3 8.2 8.2 16.6 15.7 15.7
Effective Green, g (s) 43.5 38.6 38.6 40.9 37.3 37.3 17.3 8.2 8.2 16.6 15.7 15.7
Actuated g/C Ratio 0.48 0.43 0.43 0.45 0.41 0.41 0.19 0.09 0.09 0.18 0.17 0.17
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 491 1567 672 165 1360 656 287 322 140 633 611 268
v/s Ratio Prot 0.01 c0.32 c0.01 0.11 0.05 0.04 c0.16 0.05
v/s Ratio Perm 0.08 0.05 0.11 0.05 c0.05 0.01 0.01
v/c Ratio 0.18 0.74 0.11 0.27 0.28 0.13 0.54 0.44 0.10 0.85 0.31 0.04
Uniform Delay, d1 12.7 21.5 15.4 15.8 17.4 16.3 32.2 38.7 37.5 35.5 32.4 30.9
Progression Factor 1.00 1.00 1.00 0.57 0.72 1.24 1.10 1.07 1.25 1.00 1.00 1.00
Incremental Delay, d2 0.1 3.1 0.3 0.3 0.5 0.4 1.0 0.4 0.1 10.0 0.1 0.0
Delay (s) 12.7 24.6 15.7 9.3 13.0 20.5 36.4 41.7 47.0 45.5 32.5 30.9
Level of Service B C B A B C D D D D C C
Approach Delay (s) 22.8 15.1 41.6 41.2
Approach LOS C B D D

Intersection Summary
HCM Average Control Delay 28.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 72.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 50 10 1430 240 10 540
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1615 3654 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1615 3654 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 52 10 1474 247 10 557
RTOR Reduction (vph) 0 8 0 82 0 0
Lane Group Flow (vph) 52 2 1474 165 10 557
Heavy Vehicles (%) 2% 0% 4% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 13.8 13.8 60.8 13.8 1.4 66.2
Effective Green, g (s) 13.8 13.8 60.8 13.8 1.4 66.2
Actuated g/C Ratio 0.15 0.15 0.68 0.15 0.02 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 271 248 2468 240 28 2612
v/s Ratio Prot 0.03 c0.40 c0.11 0.01 c0.16
v/s Ratio Perm 0.00
v/c Ratio 0.19 0.01 0.60 0.69 0.36 0.21
Uniform Delay, d1 33.2 32.3 7.9 36.1 43.9 3.7
Progression Factor 1.00 1.00 0.55 1.52 1.37 0.37
Incremental Delay, d2 0.3 0.0 0.7 5.5 6.2 0.2
Delay (s) 33.6 32.3 5.1 60.2 66.2 1.5
Level of Service C C A E E A
Approach Delay (s) 33.4 13.0 2.7
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 11.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 51.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 1470 110 270 1270 70 90 20 510 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3725 1615 3433 3689 1615 1825 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.65 1.00
Satd. Flow (perm) 1805 3725 1615 3433 3689 1615 1379 2842 1194 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 1652 124 303 1427 79 101 22 573 45 11 45
RTOR Reduction (vph) 0 0 54 0 0 30 0 0 0 0 39 0
Lane Group Flow (vph) 56 1652 70 303 1427 49 0 123 573 45 17 0
Heavy Vehicles (%) 0% 2% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.4 50.8 50.8 11.8 56.2 56.2 11.8 27.6 11.8 11.8
Effective Green, g (s) 6.4 50.8 50.8 11.8 56.2 56.2 11.8 23.6 11.8 11.8
Actuated g/C Ratio 0.07 0.56 0.56 0.13 0.62 0.62 0.13 0.26 0.13 0.13
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 128 2103 912 450 2304 1008 181 745 157 211
v/s Ratio Prot 0.03 c0.44 0.09 0.39 c0.20 0.01
v/s Ratio Perm 0.04 0.03 0.09 0.04
v/c Ratio 0.44 0.79 0.08 0.67 0.62 0.05 0.68 0.77 0.29 0.08
Uniform Delay, d1 40.1 15.3 8.9 37.3 10.3 6.5 37.3 30.7 35.3 34.3
Progression Factor 1.14 0.51 0.33 0.82 0.55 0.64 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 2.8 0.1 2.4 1.0 0.1 7.7 4.3 0.4 0.1
Delay (s) 46.5 10.6 3.1 32.9 6.7 4.3 45.0 35.0 35.7 34.4
Level of Service D B A C A A D D D C
Approach Delay (s) 11.2 11.0 36.8 35.0
Approach LOS B B D C

Intersection Summary
HCM Average Control Delay 15.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1970 50 30 540 0 0 0 0 60 0 1060
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3546 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3546 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2074 53 32 568 0 0 0 0 63 0 1116
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2125 0 32 568 0 0 0 0 63 0 1116
Heavy Vehicles (%) 0% 1% 18% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 65.1 4.2 26.8 5.7 42.5
Effective Green, g (s) 65.1 4.2 26.8 5.7 42.5
Actuated g/C Ratio 0.72 0.05 0.30 0.06 0.47
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2565 77 1099 104 1303
v/s Ratio Prot c0.60 0.02 c0.15 c0.04 0.40
v/s Ratio Perm
v/c Ratio 0.83 0.42 0.52 0.61 0.86
Uniform Delay, d1 8.6 41.7 26.2 41.1 21.0
Progression Factor 0.56 0.98 0.92 1.00 1.00
Incremental Delay, d2 2.2 3.1 1.5 9.6 5.8
Delay (s) 7.0 44.1 25.6 50.6 26.8
Level of Service A D C D C
Approach Delay (s) 7.0 26.6 0.0 28.1
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 16.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 400 140 170 0 110 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1798 1629
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1798 1629
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 455 159 193 0 125 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 31 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 603 0 0 287 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 6% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 59.0 59.0 21.0
Effective Green, g (s) 59.0 59.0 21.0
Actuated g/C Ratio 0.66 0.66 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2442 1179 380
v/s Ratio Prot 0.12 c0.34
v/s Ratio Perm 0.18
v/c Ratio 0.19 0.51 0.76
Uniform Delay, d1 6.1 8.0 32.1
Progression Factor 0.55 1.00 1.00
Incremental Delay, d2 0.1 1.6 8.3
Delay (s) 3.4 9.6 40.4
Level of Service A A D
Approach Delay (s) 3.4 9.6 40.4 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 14.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
10: Sante Fe & Moonlight AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 50 110 300 80 140 220
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3408 1787 3471
Flt Permitted 0.95 1.00 1.00 0.51 1.00
Satd. Flow (perm) 1770 1583 3408 963 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 54 118 323 86 151 237
RTOR Reduction (vph) 0 107 15 0 0 0
Lane Group Flow (vph) 54 11 394 0 151 237
Heavy Vehicles (%) 2% 2% 3% 1% 1% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 8.5 8.5 71.5 71.5 71.5
Effective Green, g (s) 8.5 8.5 71.5 71.5 71.5
Actuated g/C Ratio 0.09 0.09 0.79 0.79 0.79
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 167 150 2707 765 2758
v/s Ratio Prot c0.03 0.12 0.07
v/s Ratio Perm 0.01 c0.16
v/c Ratio 0.32 0.07 0.15 0.20 0.09
Uniform Delay, d1 38.1 37.2 2.2 2.3 2.0
Progression Factor 1.00 1.00 1.00 0.60 0.42
Incremental Delay, d2 1.1 0.2 0.1 0.6 0.1
Delay (s) 39.2 37.4 2.3 1.9 0.9
Level of Service D D A A A
Approach Delay (s) 37.9 2.3 1.3
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.21
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 30 20 10 10 10 70 290 5 20 90 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 38 25 13 13 13 89 367 6 25 114 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 737 725 370 763 722 120 127 373
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 737 725 370 763 722 120 127 373
tC, single (s) 7.1 6.5 6.4 7.1 6.6 6.3 4.1 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.5 3.5 4.1 3.4 2.2 2.3
p0 queue free % 98 88 96 95 96 99 94 98
cM capacity (veh/h) 302 322 637 265 315 910 1453 1117

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 70 38 462 152
Volume Left 6 13 89 25
Volume Right 25 13 6 13
cSH 389 373 1453 1117
Volume to Capacity 0.18 0.10 0.06 0.02
Queue Length 95th (ft) 16 8 5 2
Control Delay (s) 16.2 15.7 1.9 1.6
Lane LOS C C A A
Approach Delay (s) 16.2 15.7 1.9 1.6
Approach LOS C C

Intersection Summary
Average Delay 4.0
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 5 10 10 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 5 11 11 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 27 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 11 5 5
Hadj (s) -0.10 -0.20 -0.04 -0.10
Departure Headway (s) 3.9 3.8 4.0 3.9
Degree Utilization, x 0.02 0.03 0.03 0.02
Capacity (veh/h) 898 924 880 900
Control Delay (s) 7.0 6.9 7.1 7.0
Approach Delay (s) 7.0 6.9 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 0 0 360 100 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 456 127 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 585 130 133
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 585 130 133
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 476 925 1464

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 6 456 133
Volume Left 6 0 0
Volume Right 0 0 6
cSH 476 1464 1700
Volume to Capacity 0.01 0.00 0.08
Queue Length 95th (ft) 1 0 0
Control Delay (s) 12.7 0.0 0.0
Lane LOS B
Approach Delay (s) 12.7 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 28.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 20 30 20 5 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 22 33 22 5 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 87 43 54
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 87 43 54
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 98 100
cM capacity (veh/h) 916 1033 1564

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 43 54 38
Volume Left 22 0 5
Volume Right 22 22 0
cSH 971 1700 1564
Volume to Capacity 0.04 0.03 0.00
Queue Length 95th (ft) 4 0 0
Control Delay (s) 8.9 0.0 1.1
Lane LOS A A
Approach Delay (s) 8.9 0.0 1.1
Approach LOS A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 20 100 130 20 110 40 480 50 40 400 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.87 1.00 0.87 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1662 1805 1658 1805 3435 1805 3485
Flt Permitted 0.48 1.00 0.53 1.00 0.46 1.00 0.39 1.00
Satd. Flow (perm) 913 1662 1016 1658 872 3435 745 3485
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 22 112 146 22 124 45 539 56 45 449 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 56 134 0 146 146 0 45 595 0 45 471 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 12.9 9.6 16.9 11.6 45.1 41.8 45.1 41.8
Effective Green, g (s) 12.9 9.6 16.9 11.6 45.1 41.8 45.1 41.8
Actuated g/C Ratio 0.18 0.14 0.24 0.17 0.64 0.60 0.64 0.60
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 210 228 305 275 606 2051 530 2081
v/s Ratio Prot 0.01 c0.08 c0.04 0.09 0.00 c0.17 c0.00 0.14
v/s Ratio Perm 0.04 0.08 0.04 0.05
v/c Ratio 0.27 0.59 0.48 0.53 0.07 0.29 0.08 0.23
Uniform Delay, d1 26.7 28.3 24.8 26.7 4.6 6.9 4.6 6.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 3.8 1.2 2.0 0.1 0.4 0.1 0.1
Delay (s) 27.4 32.2 26.0 28.7 4.6 7.2 4.7 6.6
Level of Service C C C C A A A A
Approach Delay (s) 30.8 27.3 7.0 6.5
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 13.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 45.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 10 10 360 100 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 13 13 474 132 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 632 132 132
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 632 132 132
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 444 923 1466

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 13 487 132
Volume Left 0 13 0
Volume Right 13 0 0
cSH 923 1466 1700
Volume to Capacity 0.01 0.01 0.08
Queue Length 95th (ft) 1 1 0
Control Delay (s) 9.0 0.3 0.0
Lane LOS A A
Approach Delay (s) 9.0 0.3 0.0
Approach LOS A

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 36.2% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 10 5 0 380 100 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 6 0 494 130 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 627 133 136
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 627 133 136
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 451 921 1460

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 19 494 136
Volume Left 13 0 0
Volume Right 6 0 6
cSH 543 1460 1700
Volume to Capacity 0.04 0.00 0.08
Queue Length 95th (ft) 3 0 0
Control Delay (s) 11.9 0.0 0.0
Lane LOS B
Approach Delay (s) 11.9 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 30.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 130 5 5 80 40 5 5 5 40 5 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 141 5 5 87 43 5 5 5 43 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 147 299 307 144 293 288 109
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 147 299 307 144 293 288 109
tC, single (s) 4.6 4.1 7.1 6.5 6.2 7.1 6.5 6.5
tC, 2 stage (s)
tF (s) 2.7 2.2 3.5 4.0 3.3 3.5 4.0 3.6
p0 queue free % 99 100 99 99 99 93 99 99
cM capacity (veh/h) 1206 1448 639 602 909 648 617 874

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 158 136 16 60
Volume Left 11 5 5 43
Volume Right 5 43 5 11
cSH 1206 1448 693 677
Volume to Capacity 0.01 0.00 0.02 0.09
Queue Length 95th (ft) 1 0 2 7
Control Delay (s) 0.6 0.3 10.3 10.8
Lane LOS A A B B
Approach Delay (s) 0.6 0.3 10.3 10.8
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 23.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 160 10 5 10 110 280 5 5 560 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 1022 1760 2965 3538 1346
Flt Permitted 0.74 1.00 1.00 0.88 0.68 0.95 1.00
Satd. Flow (perm) 1405 1900 1022 1586 2030 3371 1346
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 168 11 5 11 116 295 5 5 589 5
RTOR Reduction (vph) 0 0 154 0 10 0 0 0 0 0 0 1
Lane Group Flow (vph) 11 5 14 0 17 0 0 416 0 0 594 4
Heavy Vehicles (%) 0% 0% 58% 0% 0% 0% 56% 6% 0% 0% 2% 20%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 10.0 10.0 10.0 10.0 100.0 100.0 100.0
Effective Green, g (s) 10.0 10.0 10.0 10.0 100.0 100.0 100.0
Actuated g/C Ratio 0.08 0.08 0.08 0.08 0.83 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 117 158 85 132 1692 2809 1122
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 c0.01 0.01 c0.20 0.18 0.00
v/c Ratio 0.09 0.03 0.16 0.13 0.25 0.21 0.00
Uniform Delay, d1 50.8 50.5 51.1 51.0 2.1 2.0 1.7
Progression Factor 1.00 1.00 1.00 1.00 1.69 1.00 1.00
Incremental Delay, d2 0.4 0.1 0.9 0.4 0.3 0.2 0.0
Delay (s) 51.2 50.6 52.0 51.4 3.9 2.2 1.7
Level of Service D D D D A A A
Approach Delay (s) 51.9 51.4 3.9 2.2
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 11.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.24
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 170 10 230 0 0 690 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1145 1826 1667 1495
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1671 1145 1773 1667 1495
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 181 11 245 0 0 734 64
RTOR Reduction (vph) 0 0 0 0 0 166 0 0 0 0 0 11
Lane Group Flow (vph) 0 0 0 43 0 15 0 256 0 0 734 53
Heavy Vehicles (%) 0% 0% 0% 8% 0% 41% 0% 4% 0% 0% 14% 8%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 9.9 9.9 100.1 100.1 100.1
Effective Green, g (s) 9.9 9.9 100.1 100.1 100.1
Actuated g/C Ratio 0.08 0.08 0.83 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 138 94 1479 1391 1247
v/s Ratio Prot c0.03 c0.44
v/s Ratio Perm 0.01 0.14 0.04
v/c Ratio 0.31 0.16 0.17 0.53 0.04
Uniform Delay, d1 51.8 51.2 1.9 2.9 1.7
Progression Factor 1.00 1.00 0.61 1.03 0.51
Incremental Delay, d2 1.3 0.8 0.2 1.4 0.1
Delay (s) 53.1 52.0 1.4 4.5 0.9
Level of Service D D A A A
Approach Delay (s) 0.0 52.2 1.4 4.2
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 12.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 0 20 0 0 0 0 150 210 590 130 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1725 1705 1597
Flt Permitted 0.96 1.00 0.53
Satd. Flow (perm) 1725 1705 882
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 110 0 22 0 0 0 0 165 231 648 143 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 37 0 0 0 0
Lane Group Flow (vph) 0 126 0 0 0 0 0 359 0 0 791 0
Heavy Vehicles (%) 3% 0% 5% 0% 0% 0% 0% 5% 1% 17% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 9.0 101.0 101.0
Effective Green, g (s) 9.0 101.0 101.0
Actuated g/C Ratio 0.08 0.84 0.84
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 129 1435 742
v/s Ratio Prot 0.21
v/s Ratio Perm 0.07 c0.90
v/c Ratio 0.98 0.25 1.07
Uniform Delay, d1 55.4 1.9 9.5
Progression Factor 1.00 1.00 1.74
Incremental Delay, d2 72.9 0.4 50.1
Delay (s) 128.3 2.3 66.7
Level of Service F A E
Approach Delay (s) 128.3 0.0 2.3 66.7
Approach LOS F A A E

Intersection Summary
HCM Average Control Delay 53.5 HCM Level of Service D
HCM Volume to Capacity ratio 1.06
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 350 0 5 150
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 376 0 5 161
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 548 376 376
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 548 376 376
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 98 100
cM capacity (veh/h) 498 675 1090

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 376 167
Volume Left 0 0 5
Volume Right 11 0 0
cSH 675 1700 1090
Volume to Capacity 0.02 0.22 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.4 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.4 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 28.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 40 0 0 10 380 70 5 110 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 51 0 0 13 481 89 6 139 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 703 747 139 718 703 525 139 570
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 703 747 139 718 703 525 139 570
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 84 100 100 99 99
cM capacity (veh/h) 351 339 914 323 359 556 1457 1013

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 51 582 146
Volume Left 6 51 13 6
Volume Right 13 0 89 0
cSH 501 323 1457 1013
Volume to Capacity 0.05 0.16 0.01 0.01
Queue Length 95th (ft) 4 14 1 0
Control Delay (s) 12.6 18.2 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 12.6 18.2 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 41.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 410 60 20 130 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 526 77 26 167 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 603 782 564
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 603 782 564
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 93 88
cM capacity (veh/h) 960 349 525

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 603 192 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 960 459
Volume to Capacity 0.35 0.03 0.20
Queue Length 95th (ft) 0 2 18
Control Delay (s) 0.0 1.4 14.7
Lane LOS A B
Approach Delay (s) 0.0 1.4 14.7
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 70 30 20 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 83 36 24 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 143 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 143 48
tC, single (s) 4.3 6.6 6.6
tC, 2 stage (s)
tF (s) 2.4 3.7 3.7
p0 queue free % 100 99 99
cM capacity (veh/h) 1437 806 923

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 89 60 18
Volume Left 6 0 12
Volume Right 0 24 6
cSH 1437 1700 842
Volume to Capacity 0.00 0.04 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.5 0.0 9.4
Lane LOS A A
Approach Delay (s) 0.5 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 17.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 30 10 5 30 50 10 270 10 30 70 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 79 34 11 6 34 56 11 303 11 34 79 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 124 96 326 157
Volume Left (vph) 79 6 11 34
Volume Right (vph) 11 56 11 45
Hadj (s) 0.13 -0.30 0.03 -0.11
Departure Headway (s) 5.3 5.0 4.7 4.8
Degree Utilization, x 0.18 0.13 0.43 0.21
Capacity (veh/h) 609 644 731 700
Control Delay (s) 9.5 8.7 11.2 9.1
Approach Delay (s) 9.5 8.7 11.2 9.1
Approach LOS A A B A

Intersection Summary
Delay 10.1
HCM Level of Service B
Intersection Capacity Utilization 40.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 410 1630 0 570 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 461 1831 0 640 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2292 781 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2292 781 230
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 224 336 778

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 230 230 1831 320 320
Volume Left 0 0 0 0 0
Volume Right 0 0 1831 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.14 0.14 1.08 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 5 65 95 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 71 103 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 76 57 41
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 76 57 41
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1077 749 809

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 76 103 5
Volume Left 5 0 103 0
Volume Right 0 71 0 5
cSH 1077 1700 749 809
Volume to Capacity 0.01 0.04 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 4.2 0.0 10.6 9.5
Lane LOS A B A
Approach Delay (s) 4.2 0.0 10.5
Approach LOS B

Intersection Summary
Average Delay 6.1
Intersection Capacity Utilization 16.7% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 30 30 10 10 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 33 33 11 11 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 103 27 43
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 103 27 43
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 881 1054 1578

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 33 33 43 43
Volume Left 33 0 33 0
Volume Right 0 33 0 33
cSH 881 1054 1578 1700
Volume to Capacity 0.04 0.03 0.02 0.03
Queue Length 95th (ft) 3 2 2 0
Control Delay (s) 9.2 8.5 5.5 0.0
Lane LOS A A A
Approach Delay (s) 8.9 5.5 0.0
Approach LOS A

Intersection Summary
Average Delay 5.4
Intersection Capacity Utilization 18.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 100 65 20 20 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 109 71 22 22 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 92 201 82
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 92 201 82
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 97 100
cM capacity (veh/h) 1502 785 978

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 114 92 22
Volume Left 5 0 22
Volume Right 0 22 0
cSH 1502 1700 785
Volume to Capacity 0.00 0.05 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.4 0.0 9.7
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.7
Approach LOS A

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 5 5 320 90 10 20 5 40 20 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 6 6 386 108 12 24 6 48 24 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 151 500 42 96
Volume Left (vph) 24 6 12 48
Volume Right (vph) 6 108 6 24
Hadj (s) 0.09 -0.07 0.02 -0.02
Departure Headway (s) 5.0 4.4 5.6 5.5
Degree Utilization, x 0.21 0.61 0.07 0.15
Capacity (veh/h) 681 793 553 586
Control Delay (s) 9.2 14.2 9.0 9.4
Approach Delay (s) 9.2 14.2 9.0 9.4
Approach LOS A B A A

Intersection Summary
Delay 12.4
HCM Level of Service B
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 310 60 250 720 250 70 170 160 160 170 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3294 3370 1787 1694 1736 1765
Flt Permitted 0.78 0.75 0.54 1.00 0.34 1.00
Satd. Flow (perm) 2573 2537 1009 1694 627 1765
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 356 69 287 828 287 80 195 184 184 195 57
RTOR Reduction (vph) 0 21 0 0 33 0 0 49 0 0 15 0
Lane Group Flow (vph) 0 438 0 0 1369 0 80 330 0 184 237 0
Heavy Vehicles (%) 3% 8% 2% 1% 4% 1% 1% 4% 4% 4% 4% 4%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 37.8 37.8 20.5 20.5 20.5 20.5
Effective Green, g (s) 37.8 37.8 20.5 20.5 20.5 20.5
Actuated g/C Ratio 0.54 0.54 0.29 0.29 0.29 0.29
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1389 1370 295 496 184 517
v/s Ratio Prot 0.19 0.13
v/s Ratio Perm 0.17 c0.54 0.08 c0.29
v/c Ratio 0.32 1.00 0.27 0.67 1.00 0.46
Uniform Delay, d1 8.9 16.1 19.0 21.7 24.7 20.2
Progression Factor 1.00 0.32 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 22.7 0.5 3.4 66.3 0.6
Delay (s) 9.5 27.9 19.5 25.1 91.1 20.9
Level of Service A C B C F C
Approach Delay (s) 9.5 27.9 24.1 50.5
Approach LOS A C C D

Intersection Summary
HCM Average Control Delay 27.8 HCM Level of Service C
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 650 20 40 1190 40 20 10 50 70 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3575 3669 1765 1856
Flt Permitted 0.93 0.91 0.92 0.80
Satd. Flow (perm) 3332 3350 1648 1524
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 699 22 43 1280 43 22 11 54 75 11 32
RTOR Reduction (vph) 0 2 0 0 2 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 730 0 0 1364 0 0 40 0 0 93 0
Heavy Vehicles (%) 0% 6% 0% 3% 3% 0% 5% 0% 2% 1% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 51.9 51.9 9.1 9.1
Effective Green, g (s) 51.9 51.9 9.1 9.1
Actuated g/C Ratio 0.74 0.74 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2470 2484 214 198
v/s Ratio Prot
v/s Ratio Perm 0.22 c0.41 0.02 c0.06
v/c Ratio 0.30 0.55 0.19 0.47
Uniform Delay, d1 3.0 3.9 27.2 28.2
Progression Factor 0.46 0.30 1.00 1.00
Incremental Delay, d2 0.2 0.2 0.4 1.8
Delay (s) 1.6 1.4 27.6 30.0
Level of Service A A C C
Approach Delay (s) 1.6 1.4 27.6 30.0
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 3.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 80.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 760 10 30 1290 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3433 3491 1678 1776
Flt Permitted 0.93 0.92 0.93 0.80
Satd. Flow (perm) 3201 3229 1583 1467
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 817 11 32 1387 43 11 5 22 43 11 22
RTOR Reduction (vph) 0 1 0 0 3 0 0 20 0 0 20 0
Lane Group Flow (vph) 0 838 0 0 1459 0 0 18 0 0 56 0
Heavy Vehicles (%) 0% 5% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 54.5 54.5 6.5 6.5
Effective Green, g (s) 54.5 54.5 6.5 6.5
Actuated g/C Ratio 0.78 0.78 0.09 0.09
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2492 2514 147 136
v/s Ratio Prot
v/s Ratio Perm 0.26 c0.45 0.01 c0.04
v/c Ratio 0.34 0.58 0.12 0.41
Uniform Delay, d1 2.3 3.1 29.1 29.9
Progression Factor 0.69 0.74 1.00 1.00
Incremental Delay, d2 0.4 0.2 0.4 2.0
Delay (s) 2.0 2.5 29.5 32.0
Level of Service A A C C
Approach Delay (s) 2.0 2.5 29.5 32.0
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 3.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 73.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 460 250 190 1070 600 150 190 60 280 240 110
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3585 1583 1770 3539 1583 1770 3539 1583 3433 3539 1553
Flt Permitted 0.16 1.00 1.00 0.42 1.00 1.00 0.59 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 287 3585 1583 790 3539 1583 1097 3539 1583 3433 3539 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 143 505 275 209 1176 659 165 209 66 308 264 121
RTOR Reduction (vph) 0 0 175 0 0 290 0 0 58 0 0 105
Lane Group Flow (vph) 143 505 100 209 1176 369 165 209 8 308 264 16
Heavy Vehicles (%) 4% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 30.3 25.5 25.5 32.7 26.7 26.7 14.2 8.0 8.0 7.5 9.3 9.3
Effective Green, g (s) 30.3 25.5 25.5 32.7 26.7 26.7 14.2 8.0 8.0 7.5 9.3 9.3
Actuated g/C Ratio 0.43 0.36 0.36 0.47 0.38 0.38 0.20 0.11 0.11 0.11 0.13 0.13
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 224 1306 577 453 1350 604 282 404 181 368 470 206
v/s Ratio Prot c0.04 0.14 0.04 c0.33 0.05 0.06 c0.09 c0.07
v/s Ratio Perm 0.23 0.06 0.18 0.23 0.07 0.00 0.01
v/c Ratio 0.64 0.39 0.17 0.46 0.87 0.61 0.59 0.52 0.04 0.84 0.56 0.08
Uniform Delay, d1 14.3 16.5 15.1 11.3 20.1 17.5 24.5 29.2 27.6 30.7 28.4 26.6
Progression Factor 1.44 0.78 0.64 0.65 0.86 1.02 0.89 0.92 0.82 1.00 1.00 1.00
Incremental Delay, d2 4.2 0.8 0.6 0.2 6.6 3.7 2.0 0.5 0.0 14.5 0.9 0.1
Delay (s) 24.8 13.6 10.2 7.6 23.8 21.5 23.8 27.4 22.6 45.2 29.4 26.7
Level of Service C B B A C C C C C D C C
Approach Delay (s) 14.4 21.4 25.4 35.9
Approach LOS B C C D

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 70.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 120 20 690 110 10 1740
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3654 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3654 1553 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 124 21 711 113 10 1794
RTOR Reduction (vph) 0 19 0 97 0 0
Lane Group Flow (vph) 124 2 711 16 10 1794
Heavy Vehicles (%) 4% 5% 4% 4% 0% 2%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 7.7 7.7 46.9 7.7 1.4 51.3
Effective Green, g (s) 7.7 7.7 46.9 7.7 1.4 51.3
Actuated g/C Ratio 0.11 0.11 0.67 0.11 0.02 0.73
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 191 169 2448 171 36 2730
v/s Ratio Prot c0.07 0.19 0.01 0.01 c0.48
v/s Ratio Perm 0.00
v/c Ratio 0.65 0.01 0.29 0.09 0.28 0.66
Uniform Delay, d1 29.9 27.8 4.7 28.0 33.8 4.8
Progression Factor 1.00 1.00 0.42 2.59 1.00 1.00
Incremental Delay, d2 7.4 0.0 0.3 0.2 4.2 1.3
Delay (s) 37.3 27.8 2.2 72.6 38.0 6.1
Level of Service D C A E D A
Approach Delay (s) 35.9 11.9 6.2
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 9.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1310 180 520 1350 40 140 20 400 40 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.89
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1820 2842 1805 1685
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.47 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1368 2842 889 1685
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1472 202 584 1517 45 157 22 449 45 11 34
RTOR Reduction (vph) 0 0 103 0 0 16 0 0 0 0 29 0
Lane Group Flow (vph) 45 1472 99 584 1517 29 0 179 449 45 16 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 4.8 48.8 48.8 20.4 64.4 64.4 15.2 39.6 15.2 15.2
Effective Green, g (s) 4.8 48.8 48.8 20.4 64.4 64.4 15.2 35.6 15.2 15.2
Actuated g/C Ratio 0.05 0.49 0.49 0.20 0.64 0.64 0.15 0.36 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 87 1800 780 714 2376 1040 208 1012 135 256
v/s Ratio Prot 0.02 c0.40 c0.17 0.41 0.16 0.01
v/s Ratio Perm 0.06 0.02 c0.13 0.05
v/c Ratio 0.52 0.82 0.13 0.82 0.64 0.03 0.86 0.44 0.33 0.06
Uniform Delay, d1 46.5 21.8 14.0 38.0 10.8 6.5 41.4 24.6 37.9 36.3
Progression Factor 1.00 1.00 1.00 0.79 0.45 0.20 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.2 4.3 0.3 3.5 0.7 0.0 27.7 0.1 0.5 0.0
Delay (s) 48.6 26.1 14.3 33.4 5.5 1.3 69.1 24.7 38.4 36.3
Level of Service D C B C A A E C D D
Approach Delay (s) 25.3 13.0 37.4 37.4
Approach LOS C B D D

Intersection Summary
HCM Average Control Delay 21.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1510 240 120 530 0 0 0 0 140 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3462 1687 3725 1787 2787
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3462 1687 3725 1787 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1589 253 126 558 0 0 0 0 147 0 1453
RTOR Reduction (vph) 0 13 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1829 0 126 558 0 0 0 0 147 0 1453
Heavy Vehicles (%) 0% 2% 3% 7% 2% 0% 0% 0% 0% 1% 0% 2%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 61.1 12.6 23.3 11.3 50.4
Effective Green, g (s) 61.1 12.6 23.3 11.3 50.4
Actuated g/C Ratio 0.61 0.13 0.23 0.11 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2115 213 868 202 1405
v/s Ratio Prot c0.53 0.07 c0.15 c0.08 c0.52
v/s Ratio Perm
v/c Ratio 0.86 0.59 0.64 0.73 1.03
Uniform Delay, d1 16.0 41.3 34.6 42.9 24.8
Progression Factor 0.69 0.90 0.89 1.00 1.00
Incremental Delay, d2 3.7 3.9 3.3 12.3 33.3
Delay (s) 14.7 40.9 33.9 55.2 58.1
Level of Service B D C E E
Approach Delay (s) 14.7 35.2 0.0 57.8
Approach LOS B D A E

Intersection Summary
HCM Average Control Delay 34.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 530 0 0 560 20 90 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1832 1586
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1832 1586
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 602 0 0 636 23 102 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 18 0 0 0 0
Lane Group Flow (vph) 0 602 0 0 658 0 0 129 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 7% 0% 20% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 76.7 76.7 13.3
Effective Green, g (s) 76.7 76.7 13.3
Actuated g/C Ratio 0.77 0.77 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2885 1405 211
v/s Ratio Prot 0.16 c0.36
v/s Ratio Perm 0.08
v/c Ratio 0.21 0.47 0.61
Uniform Delay, d1 3.2 4.2 40.9
Progression Factor 0.66 1.00 1.00
Incremental Delay, d2 0.1 1.1 5.1
Delay (s) 2.2 5.4 46.0
Level of Service A A D
Approach Delay (s) 2.2 5.4 46.0 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 8.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
10: Sante Fe & Moonlight PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 110 130 270 70 160 530
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3437 1770 3539
Flt Permitted 0.95 1.00 1.00 0.53 1.00
Satd. Flow (perm) 1770 1583 3437 995 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 118 140 290 75 172 570
RTOR Reduction (vph) 0 120 22 0 0 0
Lane Group Flow (vph) 118 20 343 0 172 570
Heavy Vehicles (%) 2% 2% 2% 1% 2% 2%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 10.2 10.2 49.8 49.8 49.8
Effective Green, g (s) 10.2 10.2 49.8 49.8 49.8
Actuated g/C Ratio 0.15 0.15 0.71 0.71 0.71
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 258 231 2445 708 2518
v/s Ratio Prot c0.07 0.10 0.16
v/s Ratio Perm 0.01 c0.17
v/c Ratio 0.46 0.09 0.14 0.24 0.23
Uniform Delay, d1 27.4 25.9 3.2 3.5 3.5
Progression Factor 1.00 1.00 1.00 0.98 0.97
Incremental Delay, d2 1.3 0.2 0.1 0.7 0.2
Delay (s) 28.7 26.0 3.4 4.2 3.6
Level of Service C C A A A
Approach Delay (s) 27.2 3.4 3.7
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 8.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.28
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 10 10 10 20 20 140 0 10 300 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 13 13 13 25 25 177 0 13 380 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 668 639 177 661 636 383 386 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 668 639 177 661 636 383 386 177
tC, single (s) 7.1 6.6 6.6 7.2 6.6 6.2 4.1 4.6
tC, 2 stage (s)
tF (s) 3.5 4.0 3.7 3.6 4.1 3.3 2.2 2.7
p0 queue free % 100 93 98 96 97 96 98 99
cM capacity (veh/h) 342 377 777 332 373 658 1183 1155

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 38 51 203 399
Volume Left 0 13 25 13
Volume Right 13 25 0 6
cSH 455 458 1183 1155
Volume to Capacity 0.08 0.11 0.02 0.01
Queue Length 95th (ft) 7 9 2 1
Control Delay (s) 13.6 13.8 1.2 0.4
Lane LOS B B A A
Approach Delay (s) 13.6 13.8 1.2 0.4
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 33.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 0 10 10 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 0 11 11 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 22 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 11 0 5
Hadj (s) -0.10 -0.30 0.10 -0.13
Departure Headway (s) 3.9 3.7 4.1 3.9
Degree Utilization, x 0.02 0.02 0.01 0.02
Capacity (veh/h) 915 965 855 916
Control Delay (s) 7.0 6.8 7.2 6.9
Approach Delay (s) 7.0 6.8 7.2 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 0 0 160 310 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 203 392 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 392 392
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 392 392
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 470 661 1177

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 6 203 392
Volume Left 6 0 0
Volume Right 0 0 0
cSH 470 1177 1700
Volume to Capacity 0.01 0.00 0.23
Queue Length 95th (ft) 1 0 0
Control Delay (s) 12.8 0.0 0.0
Lane LOS B
Approach Delay (s) 12.8 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 20 10 5 5 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 22 11 5 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 35 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 35 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 98 100
cM capacity (veh/h) 979 1072 1614

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 27 16 16
Volume Left 5 0 5
Volume Right 22 5 0
cSH 1052 1700 1614
Volume to Capacity 0.03 0.01 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.5 0.0 2.4
Lane LOS A A
Approach Delay (s) 8.5 0.0 2.4
Approach LOS A

Intersection Summary
Average Delay 4.5
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 30 30 60 40 50 80 310 120 70 280 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.92 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1732 1770 1700 1787 3320 1787 3402
Flt Permitted 0.64 1.00 0.71 1.00 0.50 1.00 0.47 1.00
Satd. Flow (perm) 1180 1732 1328 1700 950 3320 884 3402
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 34 34 34 67 45 56 90 348 135 79 315 56
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 34 68 0 67 101 0 90 483 0 79 371 0
Heavy Vehicles (%) 3% 0% 3% 2% 3% 2% 1% 5% 2% 1% 4% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 9.1 6.9 13.7 9.2 39.7 35.3 37.5 34.2
Effective Green, g (s) 9.1 6.9 13.7 9.2 39.7 35.3 37.5 34.2
Actuated g/C Ratio 0.15 0.12 0.23 0.15 0.66 0.59 0.62 0.57
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 200 199 336 261 690 1953 602 1939
v/s Ratio Prot 0.01 0.04 c0.01 c0.06 c0.01 c0.15 c0.01 0.11
v/s Ratio Perm 0.02 0.03 0.08 0.07
v/c Ratio 0.17 0.34 0.20 0.39 0.13 0.25 0.13 0.19
Uniform Delay, d1 22.6 24.5 18.8 22.9 3.6 5.9 4.4 6.2
Progression Factor 1.00 1.00 1.00 1.00 0.87 0.72 1.00 1.00
Incremental Delay, d2 0.4 1.0 0.3 1.0 0.1 0.3 0.1 0.0
Delay (s) 23.1 25.6 19.1 23.8 3.2 4.6 4.5 6.3
Level of Service C C B C A A A A
Approach Delay (s) 24.7 21.9 4.4 6.0
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 8.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.26
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 5 180 320 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 7 237 421 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 671 421 421
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 671 421 421
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 422 637 1149

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 243 421
Volume Left 0 7 0
Volume Right 7 0 0
cSH 637 1149 1700
Volume to Capacity 0.01 0.01 0.25
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.7 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.7 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 170 320 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 6 221 416 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 656 422 429
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 656 422 429
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 99
cM capacity (veh/h) 431 636 1142

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 13 227 429
Volume Left 6 6 0
Volume Right 6 0 13
cSH 514 1142 1700
Volume to Capacity 0.03 0.01 0.25
Queue Length 95th (ft) 2 0 0
Control Delay (s) 12.2 0.3 0.0
Lane LOS B A
Approach Delay (s) 12.2 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 0 5 120 10 5 5 5 10 5 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 98 0 5 130 11 5 5 5 11 5 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 141 98 280 272 98 274 266 136
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 141 98 280 272 98 274 266 136
tC, single (s) 4.6 4.1 7.1 6.5 6.2 7.1 6.5 6.8
tC, 2 stage (s)
tF (s) 2.7 2.2 3.5 4.0 3.3 3.5 4.0 3.8
p0 queue free % 99 100 99 99 99 98 99 99
cM capacity (veh/h) 1194 1508 656 630 964 667 635 779

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 109 147 16 27
Volume Left 11 5 5 11
Volume Right 0 11 5 11
cSH 1194 1508 723 700
Volume to Capacity 0.01 0.00 0.02 0.04
Queue Length 95th (ft) 1 0 2 3
Control Delay (s) 0.9 0.3 10.1 10.3
Lane LOS A A B B
Approach Delay (s) 0.9 0.3 10.1 10.3
Approach LOS B B

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 18.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 10 120 20 10 20 130 580 20 20 440 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 934 1762 3025 3502 1468
Flt Permitted 0.72 1.00 1.00 0.86 0.78 0.91 1.00
Satd. Flow (perm) 1370 1900 934 1554 2369 3205 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 11 126 22 11 22 137 611 22 22 463 11
RTOR Reduction (vph) 0 0 111 0 19 0 0 2 0 0 0 3
Lane Group Flow (vph) 11 11 15 0 36 0 0 768 0 0 485 8
Heavy Vehicles (%) 0% 0% 73% 0% 0% 0% 82% 4% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 7.2 7.2 7.2 7.2 42.8 42.8 42.8
Effective Green, g (s) 7.2 7.2 7.2 7.2 42.8 42.8 42.8
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.71 0.71 0.71
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 164 228 112 186 1690 2286 1047
v/s Ratio Prot 0.01
v/s Ratio Perm 0.01 0.02 c0.02 c0.32 0.15 0.01
v/c Ratio 0.07 0.05 0.14 0.19 0.45 0.21 0.01
Uniform Delay, d1 23.4 23.4 23.6 23.8 3.6 2.9 2.5
Progression Factor 1.00 1.00 1.00 1.00 0.81 0.36 0.03
Incremental Delay, d2 0.2 0.1 0.6 0.5 0.7 0.2 0.0
Delay (s) 23.6 23.5 24.2 24.3 3.7 1.3 0.1
Level of Service C C C C A A A
Approach Delay (s) 24.1 24.3 3.7 1.2
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.42
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 55.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 170 0 550 10 170 0 0 480 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1736 1313 1783 1583 1495
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1736 1313 1739 1583 1495
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 181 0 585 11 181 0 0 511 106
RTOR Reduction (vph) 0 0 0 0 0 456 0 0 0 0 0 41
Lane Group Flow (vph) 0 0 0 181 0 129 0 192 0 0 511 65
Heavy Vehicles (%) 0% 0% 0% 4% 0% 23% 10% 6% 0% 0% 20% 8%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 13.2 13.2 36.8 36.8 36.8
Effective Green, g (s) 13.2 13.2 36.8 36.8 36.8
Actuated g/C Ratio 0.22 0.22 0.61 0.61 0.61
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 382 289 1067 971 917
v/s Ratio Prot c0.10 c0.32
v/s Ratio Perm 0.10 0.11 0.04
v/c Ratio 0.47 0.45 0.18 0.53 0.07
Uniform Delay, d1 20.4 20.2 5.0 6.6 4.7
Progression Factor 1.00 1.00 1.03 0.78 0.52
Incremental Delay, d2 0.9 1.1 0.4 2.0 0.1
Delay (s) 21.3 21.3 5.5 7.2 2.6
Level of Service C C A A A
Approach Delay (s) 0.0 21.3 5.5 6.4
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 13.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 51.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 0 20 0 0 0 0 130 50 330 320 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 0.96 1.00
Flt Protected 0.97 1.00 0.98
Satd. Flow (prot) 1583 1771 1608
Flt Permitted 0.97 1.00 0.74
Satd. Flow (perm) 1583 1771 1219
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 55 0 22 0 0 0 0 143 55 363 352 0
RTOR Reduction (vph) 0 20 0 0 0 0 0 13 0 0 0 0
Lane Group Flow (vph) 0 57 0 0 0 0 0 185 0 0 715 0
Heavy Vehicles (%) 14% 0% 5% 0% 0% 0% 0% 3% 4% 29% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 4.2 45.8 45.8
Effective Green, g (s) 4.2 45.8 45.8
Actuated g/C Ratio 0.07 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 111 1352 931
v/s Ratio Prot 0.10
v/s Ratio Perm 0.04 c0.59
v/c Ratio 0.51 0.14 0.77
Uniform Delay, d1 26.9 1.9 4.1
Progression Factor 1.00 1.00 0.85
Incremental Delay, d2 3.6 0.2 5.5
Delay (s) 30.6 2.1 9.0
Level of Service C A A
Approach Delay (s) 30.6 0.0 2.1 9.0
Approach LOS C A A A

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 180 5 10 330
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 194 5 11 355
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 573 196 199
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 573 196 199
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 481 801 1327

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 199 366
Volume Left 0 0 11
Volume Right 5 5 0
cSH 801 1700 1327
Volume to Capacity 0.01 0.12 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 9.5 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.5 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 35.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 40 5 0 10 180 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 51 6 0 13 228 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 766 788 484 778 766 253 487 278
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 766 788 484 778 766 253 487 278
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 83 98 100 99 100
cM capacity (veh/h) 315 322 587 293 331 790 1086 1296

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 57 291 487
Volume Left 0 51 13 0
Volume Right 13 0 51 6
cSH 460 296 1086 1296
Volume to Capacity 0.04 0.19 0.01 0.00
Queue Length 95th (ft) 3 17 1 0
Control Delay (s) 13.2 20.0 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 20.0 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 190 20 60 360 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 244 26 77 462 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 269 872 256
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 269 872 256
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 70 93
cM capacity (veh/h) 1306 303 787

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 269 538 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1306 391
Volume to Capacity 0.16 0.06 0.36
Queue Length 95th (ft) 0 5 40
Control Delay (s) 0.0 1.7 19.3
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.3
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 49.8% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 40 50 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 48 60 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 65 122 62
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 65 122 62
tC, single (s) 4.5 6.6 6.6
tC, 2 stage (s)
tF (s) 2.6 3.7 3.7
p0 queue free % 100 99 99
cM capacity (veh/h) 1326 828 905

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 54 65 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1326 1700 852
Volume to Capacity 0.00 0.04 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.9 0.0 9.3
Lane LOS A A
Approach Delay (s) 0.9 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 16.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 40 40 10 100 10 40 190 50
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 45 45 11 112 11 45 213 56

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 101 135 315
Volume Left (vph) 22 11 11 45
Volume Right (vph) 22 45 11 56
Hadj (s) -0.08 -0.16 0.02 -0.04
Departure Headway (s) 5.0 4.9 4.7 4.5
Degree Utilization, x 0.09 0.14 0.18 0.39
Capacity (veh/h) 644 665 721 774
Control Delay (s) 8.5 8.7 8.7 10.3
Approach Delay (s) 8.5 8.7 8.7 10.3
Approach LOS A A A B

Intersection Summary
Delay 9.5
HCM Level of Service A
Intersection Capacity Utilization 36.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 530 1120 0 650 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 596 1258 0 730 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1854 961 298
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1854 961 298
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 331 258 704

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 298 298 1258 365 365
Volume Left 0 0 0 0 0
Volume Right 0 0 1258 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.18 0.18 0.74 0.21 0.21
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 5 115 90 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 125 98 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 84 68
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 84 68
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1021 720 778

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 130 98 5
Volume Left 5 0 98 0
Volume Right 0 125 0 5
cSH 1021 1700 720 778
Volume to Capacity 0.01 0.08 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 4.3 0.0 10.8 9.7
Lane LOS A B A
Approach Delay (s) 4.3 0.0 10.7
Approach LOS B

Intersection Summary
Average Delay 4.7
Intersection Capacity Utilization 19.0% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 10 10 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 11 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 35 14 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 35 14 16
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 979 1072 1614

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 5 5 16 16
Volume Left 5 0 5 0
Volume Right 0 5 0 5
cSH 979 1072 1614 1700
Volume to Capacity 0.01 0.01 0.00 0.01
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 8.7 8.4 2.4 0.0
Lane LOS A A A
Approach Delay (s) 8.5 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 90 115 5 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 98 125 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 236 128
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 236 128
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1467 753 928

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 103 130 11
Volume Left 5 0 5
Volume Right 0 5 5
cSH 1467 1700 832
Volume to Capacity 0.00 0.08 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.4 0.0 9.4
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 18.8% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 10 10 10 310 230 10 20 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3486 1805 3324
Flt Permitted 0.74 1.00 0.29 1.00 0.62 1.00 0.60 1.00
Satd. Flow (perm) 1357 1678 551 1850 1154 3486 1131 3324
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 11 11 11 326 242 11 21 158 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 2 0 0 20 0
Lane Group Flow (vph) 74 113 0 11 13 0 326 251 0 21 191 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 908 2293 700 1939
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.02 c0.23 0.02
v/c Ratio 0.36 0.44 0.13 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.9 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.47 0.39 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.7 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 33.6 32.5 2.3 2.3 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.9 2.3 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 780 60 180 430 220 80 1040 310 370 850 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3619 1583 1687 3551 1538 1752 3689 1553 3367 3444
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 793 3619 1583 283 3551 1538 1752 3689 1553 3367 3444
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 821 63 189 453 232 84 1095 326 389 895 126
RTOR Reduction (vph) 0 0 42 0 0 167 0 0 120 0 12 0
Lane Group Flow (vph) 137 821 21 189 453 65 84 1095 206 389 1009 0
Heavy Vehicles (%) 2% 5% 2% 7% 7% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Effective Green, g (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.39
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 977 427 216 990 429 121 1217 512 449 1358
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.29
v/s Ratio Perm 0.11 0.01 c0.24 0.04 0.13
v/c Ratio 0.40 0.84 0.05 0.88 0.46 0.15 0.69 0.90 0.40 0.87 0.74
Uniform Delay, d1 21.2 31.0 24.3 22.6 26.8 24.4 41.0 28.7 23.3 38.2 23.3
Progression Factor 0.47 0.57 0.32 1.32 1.06 2.57 0.73 0.59 0.25 1.00 1.00
Incremental Delay, d2 0.7 8.1 0.2 28.9 1.4 0.7 10.6 6.2 0.3 15.9 2.2
Delay (s) 10.7 25.8 7.9 58.7 29.9 63.6 40.5 23.2 6.1 54.2 25.6
Level of Service B C A E C E D C A D C
Approach Delay (s) 22.6 45.1 20.5 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 84.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1450 10 10 790 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3468 3339 1805 1651 1770 1610
Flt Permitted 0.93 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3244 3106 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1526 11 11 832 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1558 0 0 932 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 4% 0% 0% 7% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2505 2399 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.48 0.30 0.01 c0.09
v/c Ratio 0.62 0.39 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.5 3.3 34.5 34.6 37.4 34.6
Progression Factor 0.63 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 3.6 3.7 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 3.6 3.7 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1610 10 10 840 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3464 3339 1805 1548 1770 1612
Flt Permitted 0.90 0.92 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3132 3090 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1695 11 11 884 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 4 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1748 0 0 954 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 4% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.3 70.3 10.7 10.7 10.7 10.7
Effective Green, g (s) 70.3 70.3 10.7 10.7 10.7 10.7
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2446 2414 166 184 164 192
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.56 0.31 0.00 c0.08
v/c Ratio 0.71 0.40 0.03 0.04 0.64 0.05
Uniform Delay, d1 4.9 3.1 35.1 35.1 37.8 35.1
Progression Factor 0.36 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.1 0.1 0.1 8.3 0.1
Delay (s) 3.3 3.2 35.1 35.2 46.1 35.2
Level of Service A A D D D D
Approach Delay (s) 3.3 3.2 35.2 43.2
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 170 1370 200 150 670 590 140 630 270 1210 520 110
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3654 1568 1770 3519 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.21 1.00 1.00 0.10 1.00 1.00 0.45 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 394 3654 1568 195 3519 1583 834 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 179 1442 211 158 705 621 147 663 284 1274 547 116
RTOR Reduction (vph) 0 0 58 0 0 350 0 0 62 0 0 74
Lane Group Flow (vph) 179 1442 153 158 705 271 147 663 222 1274 547 42
Heavy Vehicles (%) 2% 4% 3% 2% 8% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 51.3 42.5 42.5 42.7 38.2 38.2 24.0 17.5 17.5 32.5 43.5 43.5
Effective Green, g (s) 51.3 42.5 42.5 42.7 38.2 38.2 24.0 17.5 17.5 32.5 43.5 43.5
Actuated g/C Ratio 0.43 0.35 0.35 0.36 0.32 0.32 0.20 0.15 0.15 0.27 0.36 0.36
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 269 1294 555 128 1120 504 218 543 226 930 1283 563
v/s Ratio Prot 0.05 c0.39 c0.05 0.20 0.04 c0.18 0.14 c0.37 0.15
v/s Ratio Perm 0.24 0.10 c0.39 0.17 0.10 0.03
v/c Ratio 0.67 1.11 0.28 1.23 0.63 0.54 0.67 1.22 0.98 1.37 0.43 0.07
Uniform Delay, d1 23.9 38.7 27.7 38.1 34.9 33.6 42.2 51.2 51.1 43.8 28.8 25.1
Progression Factor 1.00 1.00 1.00 0.89 0.87 1.27 0.85 0.82 0.72 1.00 1.00 1.00
Incremental Delay, d2 4.7 62.6 1.2 151.5 2.4 3.6 5.3 112.9 49.1 173.3 0.1 0.0
Delay (s) 28.6 101.4 29.0 185.5 32.6 46.2 41.3 155.1 85.9 217.1 28.9 25.1
Level of Service C F C F C D D F F F C C
Approach Delay (s) 85.9 54.6 121.8 152.5
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 105.1 HCM Level of Service F
HCM Volume to Capacity ratio 1.32
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 28.5
Intersection Capacity Utilization 114.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 150 10 1880 970 10 1290
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1615 3654 1583 1805 3619
Flt Permitted 0.95 1.00 1.00 1.00 0.05 1.00
Satd. Flow (perm) 1770 1615 3654 1583 98 3619
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 155 10 1979 1021 11 1358
RTOR Reduction (vph) 0 9 0 120 0 0
Lane Group Flow (vph) 155 1 1979 901 11 1358
Heavy Vehicles (%) 2% 0% 4% 2% 0% 5%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 17.9 17.9 85.9 103.8 92.1 92.1
Effective Green, g (s) 17.9 17.9 85.9 103.8 92.1 92.1
Actuated g/C Ratio 0.15 0.15 0.72 0.86 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 264 241 2616 1435 92 2778
v/s Ratio Prot 0.09 c0.54 c0.09 0.00 c0.38
v/s Ratio Perm 0.00 0.48 0.09
v/c Ratio 0.59 0.01 0.76 0.63 0.12 0.49
Uniform Delay, d1 47.6 43.5 10.6 2.4 12.9 5.2
Progression Factor 1.00 1.00 0.88 11.67 1.11 0.99
Incremental Delay, d2 3.3 0.0 0.2 0.1 0.3 0.1
Delay (s) 50.9 43.5 9.5 28.0 14.7 5.2
Level of Service D D A C B A
Approach Delay (s) 50.5 15.8 5.3
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 13.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2070 160 670 2120 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3725 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3725 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2179 168 705 2232 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 66 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2179 102 705 2232 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 2% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2136 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.02 0.11 1.07 0.84 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 12.1 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.86 0.77 0.49 1.01 0.79 0.78 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 54.6 22.8 0.2 35.5 0.3 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 103.8 42.5 5.9 84.4 9.8 3.9 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F A A F D D D D D
Approach Delay (s) 41.9 26.9 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 36.8 HCM Level of Service D
HCM Volume to Capacity ratio 1.03
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 103.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 90 320 1440 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.08 1.00 0.95 1.00
Satd. Flow (perm) 3509 142 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 95 337 1516 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3009 0 337 1516 0 0 0 0 221 0 1474
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 80.0 64.0 51.0 12.0 54.0
Effective Green, g (s) 80.0 64.0 51.0 12.0 54.0
Actuated g/C Ratio 0.67 0.53 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2339 247 1583 174 1357
v/s Ratio Prot c0.86 0.15 0.41 0.13 c0.38
v/s Ratio Perm c0.58 0.15
v/c Ratio 1.29 1.36 0.96 1.27 1.09
Uniform Delay, d1 20.0 50.2 33.5 54.0 33.0
Progression Factor 1.11 1.08 1.20 1.00 1.00
Incremental Delay, d2 129.9 180.7 10.4 158.8 51.4
Delay (s) 152.0 234.9 50.7 212.8 84.4
Level of Service F F D F F
Approach Delay (s) 152.0 84.2 0.0 101.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 119.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.32
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1600 550 170 0 720 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1684 579 179 0 758 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 108 0 21 21 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1684 471 179 358 358 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.2 74.2 74.2 35.8 35.8 35.8
Effective Green, g (s) 74.2 74.2 74.2 35.8 35.8 35.8
Actuated g/C Ratio 0.62 0.62 0.62 0.30 0.30 0.30
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2303 2188 979 503 445 445
v/s Ratio Prot 0.37 c0.48 c0.24
v/s Ratio Perm 0.30 0.11 0.24
v/c Ratio 0.59 0.77 0.48 0.36 0.80 0.80
Uniform Delay, d1 13.8 16.7 12.4 33.0 38.9 38.9
Progression Factor 0.71 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.7 0.4 0.4 10.1 10.1
Delay (s) 10.0 18.4 12.8 33.5 49.0 49.0
Level of Service A B B C D D
Approach Delay (s) 10.0 16.9 46.0 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 320 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 396 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 337 747 253 484 432
RTOR Reduction (vph) 0 298 20 0 0 0
Lane Group Flow (vph) 126 39 980 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 64.4 96.2 96.2
Effective Green, g (s) 13.8 13.8 64.4 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.54 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1814 624 2810
v/s Ratio Prot c0.07 0.29 c0.17 0.12
v/s Ratio Perm 0.02 c0.45
v/c Ratio 0.62 0.21 0.54 0.78 0.15
Uniform Delay, d1 50.6 48.2 18.1 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.74 0.81
Incremental Delay, d2 5.5 0.6 1.2 5.1 0.1
Delay (s) 56.1 48.8 19.3 18.9 2.3
Level of Service E D B B A
Approach Delay (s) 50.7 19.3 11.0
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 50 80 190 0 10 90 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 53 84 200 0 11 95 379
RTOR Reduction (vph) 0 0 10 0 33 0 0 0 0 0 0 242
Lane Group Flow (vph) 0 116 1 589 136 0 84 200 0 11 95 137
Heavy Vehicles (%) 0% 2% 0% 3% 2% 8% 4% 6% 0% 0% 18% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.09 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1251 164 1495 30 1105 566
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.06 0.01 0.03
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.51 0.13 0.37 0.09 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.8 15.1 43.8 19.0 20.1
Progression Factor 1.01 1.03 0.94 0.84 0.85 0.77 1.32 0.56 0.99
Incremental Delay, d2 0.7 0.0 3.7 0.0 2.6 0.2 6.5 0.1 0.9
Delay (s) 39.6 38.2 34.1 15.3 35.4 11.7 64.3 10.8 20.8
Level of Service D D C B D B E B C
Approach Delay (s) 39.4 29.9 18.7 19.8
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 42.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 20 5 40 5 40 100 5 10 160 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 21 5 42 5 42 105 5 11 168 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 47 53 153 184
Volume Left (vph) 5 5 42 11
Volume Right (vph) 21 5 5 5
Hadj (s) -0.24 0.00 0.07 0.03
Departure Headway (s) 4.5 4.7 4.4 4.3
Degree Utilization, x 0.06 0.07 0.19 0.22
Capacity (veh/h) 733 700 786 798
Control Delay (s) 7.8 8.1 8.4 8.6
Approach Delay (s) 7.8 8.1 8.4 8.6
Approach LOS A A A A

Intersection Summary
Delay 8.4
HCM Level of Service A
Intersection Capacity Utilization 30.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 5 0 250 20 5 110 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 5 0 263 21 5 116 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 432 426 132 432 432 274 147 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 432 426 132 432 432 274 147 284
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 96 99 96 96 99 100 100
cM capacity (veh/h) 516 521 923 517 518 770 1447 1290

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 47 284 153
Volume Left 21 21 0 5
Volume Right 5 5 21 32
cSH 545 537 1447 1290
Volume to Capacity 0.09 0.09 0.00 0.00
Queue Length 95th (ft) 7 7 0 0
Control Delay (s) 12.2 12.4 0.0 0.3
Lane LOS B B A
Approach Delay (s) 12.2 12.4 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 10 5 200 20 10 170 30
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 11 5 211 21 11 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 32 26 255 139 24 261 137 26
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 32 26 255 139 24 261 137 26
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 99 99 71 98 98 76 97
cM capacity (veh/h) 1594 1601 542 732 1059 521 734 1047

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 47 53 237 221
Volume Left 21 21 5 11
Volume Right 5 11 21 32
cSH 1594 1601 747 752
Volume to Capacity 0.01 0.01 0.32 0.29
Queue Length 95th (ft) 1 1 34 31
Control Delay (s) 3.3 3.0 12.0 11.8
Lane LOS A A B B
Approach Delay (s) 3.3 3.0 12.0 11.8
Approach LOS B B

Intersection Summary
Average Delay 10.3
Intersection Capacity Utilization 25.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 140 240 110 120 90 1120 210 100 960 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1679 1770 1717 1770 3427 1770 3485
Flt Permitted 0.50 1.00 0.24 1.00 0.20 1.00 0.10 1.00
Satd. Flow (perm) 927 1679 444 1717 365 3427 193 3485
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 147 253 116 126 95 1179 221 105 1011 116
RTOR Reduction (vph) 0 73 0 0 0 0 0 16 0 0 9 0
Lane Group Flow (vph) 126 158 0 253 242 0 95 1384 0 105 1118 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 2% 3% 2% 2% 2% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.9 12.9 26.9 16.9 42.7 42.7 43.1 43.1
Effective Green, g (s) 18.9 12.9 26.9 16.9 42.7 42.7 43.1 43.1
Actuated g/C Ratio 0.21 0.14 0.30 0.19 0.47 0.47 0.48 0.48
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 251 241 280 322 236 1626 170 1669
v/s Ratio Prot 0.03 0.09 c0.10 0.14 0.02 c0.40 0.03 c0.32
v/s Ratio Perm 0.07 c0.17 0.17 0.27
v/c Ratio 0.50 0.66 0.90 0.75 0.40 0.85 0.62 0.67
Uniform Delay, d1 30.3 36.5 27.0 34.6 21.8 20.8 19.5 18.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.70 0.86
Incremental Delay, d2 1.6 6.3 29.9 9.5 1.1 5.8 4.9 1.6
Delay (s) 31.7 42.7 57.0 44.1 22.9 26.7 18.4 17.0
Level of Service C D E D C C B B
Approach Delay (s) 38.8 50.7 26.4 17.1
Approach LOS D D C B

Intersection Summary
HCM Average Control Delay 27.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 86.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 190 0 60 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 200 0 63 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 600 474 200 605 474 84 84 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 600 474 200 605 474 84 84 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 75 91 100 68 95 98 95
cM capacity (veh/h) 281 457 843 288 457 975 1506 1372

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 232 147
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 542 531 1506 1372
Volume to Capacity 0.36 0.38 0.02 0.05
Queue Length 95th (ft) 41 43 2 4
Control Delay (s) 15.3 15.8 1.2 3.5
Lane LOS C C A A
Approach Delay (s) 15.3 15.8 1.2 3.5
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 39.1% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 200 10 0 70 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 211 11 0 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 326 105 332 353 216 137 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 326 105 332 353 216 137 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 98 99 99 98 99 100 100
cM capacity (veh/h) 613 595 955 614 575 829 1460 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 221 137
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 640 634 1460 1360
Volume to Capacity 0.06 0.03 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.0 10.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.0 10.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 21.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 15 190 10 105 105
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 16 200 11 111 111
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 537 205 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 537 205 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 98 92
cM capacity (veh/h) 467 840 1360

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 21 211 221
Volume Left 5 0 111
Volume Right 16 11 0
cSH 700 1700 1360
Volume to Capacity 0.03 0.12 0.08
Queue Length 95th (ft) 2 0 7
Control Delay (s) 10.3 0.0 4.3
Lane LOS B A
Approach Delay (s) 10.3 0.0 4.3
Approach LOS B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 35.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 60 5 10 40 10 5 40 30 10 20 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 63 5 11 42 11 5 42 32 11 21 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 53 68 161 150 66 197 147 47
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 53 68 161 150 66 197 147 47
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 99 99 94 97 99 97 99
cM capacity (veh/h) 1566 1546 782 732 995 704 740 1027

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 74 63 79 37
Volume Left 5 11 5 11
Volume Right 5 11 32 5
cSH 1566 1546 823 759
Volume to Capacity 0.00 0.01 0.10 0.05
Queue Length 95th (ft) 0 1 8 4
Control Delay (s) 0.5 1.3 9.8 10.0
Lane LOS A A A A
Approach Delay (s) 0.5 1.3 9.8 10.0
Approach LOS A A

Intersection Summary
Average Delay 5.0
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 30 220 210 30 240 210 970 260 260 1250 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.91 0.91 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1736 3523 1610 3531 1553
Flt Permitted 0.24 1.00 1.00 0.74 1.00 0.19 1.00 0.09 0.88 1.00
Satd. Flow (perm) 452 1845 1583 1370 1613 349 3523 161 3119 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 74 33 232 228 33 261 221 1021 283 283 1316 105
RTOR Reduction (vph) 0 0 71 0 210 0 0 18 0 0 0 32
Lane Group Flow (vph) 74 33 161 228 84 0 221 1286 0 255 1344 73
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 4% 5% 2% 2% 3% 4%
Turn Type Perm Perm Perm pm+pt pm+pt Perm
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 23.6 23.6 23.6 23.6 23.6 72.3 61.0 86.4 86.4 70.1
Effective Green, g (s) 23.6 23.6 23.6 23.6 23.6 72.3 61.0 86.4 86.4 70.1
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.20 0.60 0.51 0.72 0.72 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 89 363 311 269 317 341 1791 362 2316 907
v/s Ratio Prot 0.02 0.05 0.06 0.36 c0.12 c0.10
v/s Ratio Perm 0.16 0.10 c0.17 0.33 c0.39 0.32 0.05
v/c Ratio 0.83 0.09 0.52 0.85 0.27 0.65 0.72 0.70 0.58 0.08
Uniform Delay, d1 46.3 39.4 43.1 46.5 40.9 10.9 22.8 27.2 8.1 10.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.97 1.01 1.00 1.00 1.00
Incremental Delay, d2 45.4 0.1 1.4 21.2 0.5 0.4 0.2 6.1 0.4 0.2
Delay (s) 91.7 39.5 44.5 67.6 41.3 10.9 23.2 33.3 8.5 11.1
Level of Service F D D E D B C C A B
Approach Delay (s) 54.4 52.8 21.4 12.3
Approach LOS D D C B

Intersection Summary
HCM Average Control Delay 24.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 107.6% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 620 10 820 0 0 1510 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1703 1495 1941 1961 1553
Flt Permitted 0.95 1.00 0.57 1.00 1.00
Satd. Flow (perm) 1703 1495 1112 1961 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 653 11 863 0 0 1589 179
RTOR Reduction (vph) 0 0 0 0 0 166 0 0 0 0 0 37
Lane Group Flow (vph) 0 0 0 221 0 487 0 874 0 0 1589 142
Heavy Vehicles (%) 0% 0% 0% 6% 0% 8% 0% 3% 0% 0% 2% 4%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 27.0 27.0 83.0 83.0 83.0
Effective Green, g (s) 27.0 27.0 83.0 83.0 83.0
Actuated g/C Ratio 0.22 0.22 0.69 0.69 0.69
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 383 336 769 1356 1074
v/s Ratio Prot 0.13 c0.81
v/s Ratio Perm c0.33 0.79 0.09
v/c Ratio 0.58 1.45 1.14 1.17 0.13
Uniform Delay, d1 41.4 46.5 18.5 18.5 6.3
Progression Factor 1.00 1.00 0.78 1.13 0.77
Incremental Delay, d2 2.1 218.4 63.1 84.0 0.2
Delay (s) 43.5 264.9 77.6 104.9 5.1
Level of Service D F E F A
Approach Delay (s) 0.0 208.9 77.6 94.8
Approach LOS A F E F

Intersection Summary
HCM Average Control Delay 118.9 HCM Level of Service F
HCM Volume to Capacity ratio 1.24
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 94.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 380 0 40 0 0 0 0 450 460 1060 660 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.93 1.00
Flt Protected 0.96 1.00 0.97
Satd. Flow (prot) 1754 1809 1902
Flt Permitted 0.96 1.00 0.97
Satd. Flow (perm) 1754 1809 1902
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 400 0 42 0 0 0 0 474 484 1116 695 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 31 0 0 0 0
Lane Group Flow (vph) 0 439 0 0 0 0 0 927 0 0 1811 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 4% 2% 2% 2% 0%
Turn Type Split Split
Protected Phases 4 4 2 6 6
Permitted Phases
Actuated Green, G (s) 20.0 30.0 55.0
Effective Green, g (s) 20.0 30.0 55.0
Actuated g/C Ratio 0.17 0.25 0.46
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 292 452 872
v/s Ratio Prot c0.25 c0.51 c0.95
v/s Ratio Perm
v/c Ratio 1.50 2.05 2.08
Uniform Delay, d1 50.0 45.0 32.5
Progression Factor 1.00 1.00 0.69
Incremental Delay, d2 243.2 480.8 484.9
Delay (s) 293.2 525.8 507.4
Level of Service F F F
Approach Delay (s) 293.2 0.0 525.8 507.4
Approach LOS F A F F

Intersection Summary
HCM Average Control Delay 483.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.96
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 174.0% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 80 830 20 100 600
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 84 874 21 105 632
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1000
pX, platoon unblocked 0.58
vC, conflicting volume 1726 884 895
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1892 884 895
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 46 75 86
cM capacity (veh/h) 39 343 746

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 105 895 737
Volume Left 21 0 105
Volume Right 84 21 0
cSH 133 1700 746
Volume to Capacity 0.79 0.53 0.14
Queue Length 95th (ft) 119 0 12
Control Delay (s) 93.7 0.0 3.6
Lane LOS F A
Approach Delay (s) 93.7 0.0 3.6
Approach LOS F

Intersection Summary
Average Delay 7.2
Intersection Capacity Utilization 98.0% ICU Level of Service F
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 270 30 5 5 200 360 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 0.99 0.96 1.00 0.99
Satd. Flow (prot) 1844 1779 1669 1635
Flt Permitted 0.95 0.73 1.00 0.92
Satd. Flow (perm) 1762 1353 1667 1523
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 284 32 5 5 211 379 11 63 0
RTOR Reduction (vph) 0 4 0 0 1 0 0 59 0 0 0 0
Lane Group Flow (vph) 0 27 0 0 320 0 0 536 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 2% 3% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.0 26.0 54.0 54.0
Effective Green, g (s) 26.0 26.0 54.0 54.0
Actuated g/C Ratio 0.29 0.29 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 509 391 1000 914
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.24 c0.32 0.05
v/c Ratio 0.05 0.82 0.54 0.08
Uniform Delay, d1 23.1 29.8 10.6 7.6
Progression Factor 1.00 0.69 0.99 1.18
Incremental Delay, d2 0.0 11.6 1.8 0.2
Delay (s) 23.2 32.0 12.3 9.1
Level of Service C C B A
Approach Delay (s) 23.2 32.0 12.3 9.1
Approach LOS C C B A

Intersection Summary
HCM Average Control Delay 18.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 250 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1779 1672
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1379 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 263 116 84
RTOR Reduction (vph) 9 0 0 0 32 0
Lane Group Flow (vph) 633 0 0 347 168 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1302 1010 262
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.25
v/c Ratio 0.49 0.34 0.64
Uniform Delay, d1 5.0 4.3 35.6
Progression Factor 1.00 0.35 1.00
Incremental Delay, d2 1.3 0.8 5.3
Delay (s) 6.3 2.3 40.9
Level of Service A A D
Approach Delay (s) 6.3 2.3 40.9
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 390 320 100 100 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 411 337 105 105 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 442 821 389
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 442 821 389
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 69 99
cM capacity (veh/h) 1129 341 663

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 421 442 111
Volume Left 11 0 105
Volume Right 0 105 5
cSH 1129 1700 349
Volume to Capacity 0.01 0.26 0.32
Queue Length 95th (ft) 1 0 33
Control Delay (s) 0.3 0.0 20.0
Lane LOS A C
Approach Delay (s) 0.3 0.0 20.0
Approach LOS C

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 210 10 30 170 430 10 260 20 260 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1834 1752 1863 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1834 1752 1863 1583 1818 830 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 221 11 32 179 453 11 274 21 274 95 53
RTOR Reduction (vph) 0 2 0 0 0 368 0 2 0 0 0 21
Lane Group Flow (vph) 32 230 0 32 179 85 0 304 0 274 95 32
Heavy Vehicles (%) 3% 3% 0% 3% 2% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.2 16.4 4.6 16.8 16.8 37.1 54.0 54.0 54.0
Effective Green, g (s) 4.2 16.4 4.6 16.8 16.8 37.1 54.0 54.0 54.0
Actuated g/C Ratio 0.05 0.18 0.05 0.19 0.19 0.41 0.60 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 82 334 90 348 295 749 622 1118 950
v/s Ratio Prot 0.02 c0.13 0.02 c0.10 c0.06 0.05
v/s Ratio Perm 0.05 0.17 c0.21 0.02
v/c Ratio 0.39 0.69 0.36 0.51 0.29 0.41 0.44 0.08 0.03
Uniform Delay, d1 41.7 34.4 41.3 32.9 31.5 18.7 9.8 7.6 7.3
Progression Factor 1.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.0 5.8 2.4 1.3 0.5 1.6 0.5 0.1 0.1
Delay (s) 49.7 40.2 43.7 34.2 32.0 20.3 10.3 7.7 7.4
Level of Service D D D C C C B A A
Approach Delay (s) 41.3 33.2 20.3 9.3
Approach LOS D C C A

Intersection Summary
HCM Average Control Delay 26.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 20 0 150 10 180 0 0 580 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.88 1.00 0.98
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1603 1777 1830
Flt Permitted 0.99 0.97 1.00
Satd. Flow (perm) 1603 1721 1830
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 21 0 158 11 189 0 0 611 84
RTOR Reduction (vph) 0 0 0 0 144 0 0 0 0 0 3 0
Lane Group Flow (vph) 0 0 0 0 35 0 0 200 0 0 692 0
Heavy Vehicles (%) 0% 0% 0% 10% 0% 3% 0% 7% 0% 0% 2% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 8.1 71.9 71.9
Effective Green, g (s) 8.1 71.9 71.9
Actuated g/C Ratio 0.09 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 144 1375 1462
v/s Ratio Prot c0.02 c0.38
v/s Ratio Perm 0.12
v/c Ratio 0.24 0.15 0.47
Uniform Delay, d1 38.1 2.1 2.9
Progression Factor 1.00 0.73 1.00
Incremental Delay, d2 0.9 0.2 1.1
Delay (s) 39.0 1.7 4.0
Level of Service D A A
Approach Delay (s) 0.0 39.0 1.7 4.0
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 9.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 0 10 0 0 0 0 40 110 570 40 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.90 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1704 1652 1773
Flt Permitted 0.96 1.00 0.63
Satd. Flow (perm) 1704 1652 1171
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 0 11 0 0 0 0 42 116 600 42 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 30 0 0 0 0
Lane Group Flow (vph) 0 166 0 0 0 0 0 128 0 0 642 0
Heavy Vehicles (%) 6% 0% 0% 0% 0% 0% 0% 8% 2% 2% 8% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 13.3 66.7 66.7
Effective Green, g (s) 13.3 66.7 66.7
Actuated g/C Ratio 0.15 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1224 868
v/s Ratio Prot 0.08
v/s Ratio Perm 0.10 c0.55
v/c Ratio 0.66 0.10 0.74
Uniform Delay, d1 36.2 3.3 6.7
Progression Factor 1.00 1.00 0.69
Incremental Delay, d2 6.4 0.2 5.1
Delay (s) 42.6 3.4 9.7
Level of Service D A A
Approach Delay (s) 42.6 0.0 3.4 9.7
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 14.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1310 1670 0 1760 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1379 1758 0 1853 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.62
vC, conflicting volume 3137 2305 689
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3137 1878 689
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 103 40 393

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 689 689 1758 926 926
Volume Left 0 0 0 0 0
Volume Right 0 0 1758 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.03 0.54 0.54
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 730 0 670 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 793 0 728 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.98 0.00 0.98 0.98
vC, conflicting volume 793 0 1576 761
vC1, stage 1 conf vol 761
vC2, stage 2 conf vol 815
vCu, unblocked vol 781 0 1577 748
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 831 0 329 404

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 793 793 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 831 1700 1700 1700 345
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 16.9
Lane LOS A C
Approach Delay (s) 0.1 0.0 16.9
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 48.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 700 60 50 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1770 1863 1805 1583
Flt Permitted 1.00 0.29 1.00 0.95 1.00
Satd. Flow (perm) 1843 549 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 761 65 54 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 445
Lane Group Flow (vph) 0 824 0 54 304 0 0 0 0 11 0 55
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type Perm custom custom
Protected Phases 4 8
Permitted Phases 8 6 6
Actuated Green, G (s) 70.1 70.1 70.1 9.9 9.9
Effective Green, g (s) 70.1 70.1 70.1 9.9 9.9
Actuated g/C Ratio 0.78 0.78 0.78 0.11 0.11
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1435 428 1451 199 174
v/s Ratio Prot c0.45 0.16
v/s Ratio Perm 0.10 0.01 c0.03
v/c Ratio 0.57 0.13 0.21 0.06 0.32
Uniform Delay, d1 4.0 2.4 2.6 35.9 36.9
Progression Factor 0.94 0.78 0.79 1.00 1.00
Incremental Delay, d2 1.6 0.6 0.3 0.1 1.0
Delay (s) 5.4 2.5 2.4 36.0 38.0
Level of Service A A A D D
Approach Delay (s) 5.4 2.4 0.0 37.9
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 14.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 160 20 170 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1839 1770 1583
Flt Permitted 0.55 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1021 1863 1839 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 174 22 185 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 4 0 0 0 82 0 0 0
Lane Group Flow (vph) 630 141 0 0 192 0 185 0 16 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 65.7 65.7 39.9 14.3 14.3
Effective Green, g (s) 65.7 65.7 39.9 14.3 14.3
Actuated g/C Ratio 0.73 0.73 0.44 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 918 1360 815 281 252
v/s Ratio Prot c0.16 0.08 0.10
v/s Ratio Perm c0.34 c0.10 0.01
v/c Ratio 0.69 0.10 0.24 0.66 0.06
Uniform Delay, d1 5.5 3.5 15.6 35.6 32.2
Progression Factor 0.74 0.49 0.51 1.00 1.00
Incremental Delay, d2 1.8 0.1 0.1 5.5 0.1
Delay (s) 5.9 1.9 8.1 41.0 32.3
Level of Service A A A D C
Approach Delay (s) 5.1 8.1 38.0 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 13.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 10 5 160 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 11 5 174 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 228 408 223
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 228 408 223
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1352 601 822

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 228 179 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1352 660
Volume to Capacity 0.13 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 22.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 10 10 10 310 230 10 20 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3486 1805 3324
Flt Permitted 0.74 1.00 0.29 1.00 0.62 1.00 0.60 1.00
Satd. Flow (perm) 1357 1678 551 1850 1154 3486 1131 3324
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 11 11 11 326 242 11 21 158 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 2 0 0 20 0
Lane Group Flow (vph) 74 113 0 11 13 0 326 251 0 21 191 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 908 2293 700 1939
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.02 c0.23 0.02
v/c Ratio 0.36 0.44 0.13 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.9 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.47 0.39 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.7 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 33.6 32.5 2.3 2.3 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.9 2.3 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 780 60 180 430 220 80 1040 310 370 850 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3619 1583 1687 3551 1538 1752 3689 1553 3367 3444
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 793 3619 1583 283 3551 1538 1752 3689 1553 3367 3444
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 821 63 189 453 232 84 1095 326 389 895 126
RTOR Reduction (vph) 0 0 42 0 0 167 0 0 120 0 12 0
Lane Group Flow (vph) 137 821 21 189 453 65 84 1095 206 389 1009 0
Heavy Vehicles (%) 2% 5% 2% 7% 7% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Effective Green, g (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.39
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 977 427 216 990 429 121 1217 512 449 1358
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.29
v/s Ratio Perm 0.11 0.01 c0.24 0.04 0.13
v/c Ratio 0.40 0.84 0.05 0.88 0.46 0.15 0.69 0.90 0.40 0.87 0.74
Uniform Delay, d1 21.2 31.0 24.3 22.6 26.8 24.4 41.0 28.7 23.3 38.2 23.3
Progression Factor 0.47 0.57 0.31 1.32 1.06 2.57 0.73 0.58 0.22 1.00 1.00
Incremental Delay, d2 0.7 8.1 0.2 28.9 1.4 0.7 10.6 6.2 0.3 15.9 2.2
Delay (s) 10.6 25.7 7.8 58.7 29.9 63.6 40.5 22.9 5.3 54.2 25.6
Level of Service B C A E C E D C A D C
Approach Delay (s) 22.6 45.1 20.1 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 84.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1450 10 10 790 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3468 3339 1805 1651 1770 1610
Flt Permitted 0.93 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3244 3106 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1526 11 11 832 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1558 0 0 932 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 4% 0% 0% 7% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2505 2399 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.48 0.30 0.01 c0.09
v/c Ratio 0.62 0.39 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.5 3.3 34.5 34.6 37.4 34.6
Progression Factor 0.62 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 3.6 3.7 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 3.6 3.7 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1610 10 10 840 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3464 3339 1805 1548 1770 1612
Flt Permitted 0.90 0.92 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3132 3090 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1695 11 11 884 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 4 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1748 0 0 954 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 4% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.3 70.3 10.7 10.7 10.7 10.7
Effective Green, g (s) 70.3 70.3 10.7 10.7 10.7 10.7
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2446 2414 166 184 164 192
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.56 0.31 0.00 c0.08
v/c Ratio 0.71 0.40 0.03 0.04 0.64 0.05
Uniform Delay, d1 4.9 3.1 35.1 35.1 37.8 35.1
Progression Factor 0.36 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.1 0.1 0.1 8.3 0.1
Delay (s) 3.3 3.2 35.1 35.2 46.1 35.2
Level of Service A A D D D D
Approach Delay (s) 3.3 3.2 35.2 43.2
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 170 1370 200 150 670 590 140 630 270 1210 520 110
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3654 1568 1770 3519 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.22 1.00 1.00 0.10 1.00 1.00 0.45 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 404 3654 1568 195 3519 1583 834 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 179 1442 211 158 705 621 147 663 284 1274 547 116
RTOR Reduction (vph) 0 0 58 0 0 350 0 0 75 0 0 76
Lane Group Flow (vph) 179 1442 153 158 705 271 147 663 209 1274 547 40
Heavy Vehicles (%) 2% 4% 3% 2% 8% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 50.3 41.5 41.5 43.7 38.2 38.2 25.7 17.5 17.5 32.5 41.8 41.8
Effective Green, g (s) 50.3 41.5 41.5 43.7 38.2 38.2 25.7 17.5 17.5 32.5 41.8 41.8
Actuated g/C Ratio 0.42 0.35 0.35 0.36 0.32 0.32 0.21 0.15 0.15 0.27 0.35 0.35
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 270 1264 542 143 1120 504 243 543 226 930 1233 541
v/s Ratio Prot 0.05 c0.39 c0.05 0.20 0.04 c0.18 0.13 c0.37 0.15
v/s Ratio Perm 0.23 0.10 0.35 0.17 0.09 0.03
v/c Ratio 0.66 1.14 0.28 1.10 0.63 0.54 0.60 1.22 0.92 1.37 0.44 0.07
Uniform Delay, d1 24.3 39.2 28.4 35.9 34.9 33.6 40.4 51.2 50.6 43.8 30.1 26.2
Progression Factor 1.00 1.00 1.00 1.03 0.90 1.21 0.89 0.82 0.70 1.00 1.00 1.00
Incremental Delay, d2 4.7 73.3 1.3 102.9 2.5 3.7 2.4 112.9 34.5 173.3 0.1 0.0
Delay (s) 29.0 112.6 29.7 139.7 33.9 44.4 38.5 155.1 70.0 217.1 30.2 26.2
Level of Service C F C F C D D F E F C C
Approach Delay (s) 94.9 49.5 117.4 152.9
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 105.9 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 114.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 150 10 1880 970 10 1290
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1615 3654 1583 1805 3619
Flt Permitted 0.95 1.00 1.00 1.00 0.06 1.00
Satd. Flow (perm) 3433 1615 3654 1583 117 3619
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 155 10 1979 1021 11 1358
RTOR Reduction (vph) 0 9 0 122 0 0
Lane Group Flow (vph) 155 1 1979 899 11 1358
Heavy Vehicles (%) 2% 0% 4% 2% 0% 5%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 13.1 13.1 90.7 103.8 96.9 96.9
Effective Green, g (s) 13.1 13.1 90.7 103.8 96.9 96.9
Actuated g/C Ratio 0.11 0.11 0.76 0.86 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 375 176 2762 1435 111 2922
v/s Ratio Prot 0.05 c0.54 c0.07 0.00 c0.38
v/s Ratio Perm 0.00 0.50 0.08
v/c Ratio 0.41 0.01 0.72 0.63 0.10 0.46
Uniform Delay, d1 49.9 47.6 7.8 2.4 9.4 3.6
Progression Factor 1.00 1.00 0.77 14.92 1.15 1.03
Incremental Delay, d2 0.7 0.0 0.1 0.1 0.2 0.1
Delay (s) 50.6 47.7 6.2 35.7 11.0 3.7
Level of Service D D A D B A
Approach Delay (s) 50.4 16.2 3.8
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 13.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2070 160 670 2120 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3725 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3725 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2179 168 705 2232 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 66 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2179 102 705 2232 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 2% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2136 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.02 0.11 1.07 0.84 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 12.1 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.86 0.76 0.41 1.00 0.78 0.59 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.7 23.1 0.2 35.5 0.3 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 104.9 42.5 5.0 83.9 9.8 3.0 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F A A F D D D D D
Approach Delay (s) 41.8 26.7 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 36.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.03
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 103.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 90 320 1440 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.08 1.00 0.95 1.00
Satd. Flow (perm) 3509 142 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 95 337 1516 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3009 0 337 1516 0 0 0 0 221 0 1474
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 80.0 64.0 51.0 12.0 54.0
Effective Green, g (s) 80.0 64.0 51.0 12.0 54.0
Actuated g/C Ratio 0.67 0.53 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2339 247 1583 174 1357
v/s Ratio Prot c0.86 0.15 0.41 0.13 c0.38
v/s Ratio Perm c0.58 0.15
v/c Ratio 1.29 1.36 0.96 1.27 1.09
Uniform Delay, d1 20.0 50.2 33.5 54.0 33.0
Progression Factor 1.02 1.01 1.29 1.00 1.00
Incremental Delay, d2 129.9 180.3 10.2 158.8 51.4
Delay (s) 150.2 231.0 53.2 212.8 84.4
Level of Service F F D F F
Approach Delay (s) 150.2 85.6 0.0 101.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 119.3 HCM Level of Service F
HCM Volume to Capacity ratio 1.32
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1600 550 170 0 720 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1684 579 179 0 758 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 112 0 0 0 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1684 467 179 379 379 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 72.6 72.6 72.6 37.4 37.4 37.4
Effective Green, g (s) 72.6 72.6 72.6 37.4 37.4 37.4
Actuated g/C Ratio 0.60 0.60 0.60 0.31 0.31 0.31
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2254 2141 958 526 464 464
v/s Ratio Prot 0.37 c0.48 c0.25
v/s Ratio Perm 0.29 0.11 0.25
v/c Ratio 0.61 0.79 0.49 0.34 0.82 0.82
Uniform Delay, d1 14.8 17.9 13.3 31.8 38.1 38.1
Progression Factor 0.57 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 2.0 0.4 0.4 10.7 10.7
Delay (s) 8.6 19.8 13.7 32.2 48.8 48.8
Level of Service A B B C D D
Approach Delay (s) 8.6 18.3 45.6 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 21.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 320 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 396 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 337 747 253 484 432
RTOR Reduction (vph) 0 298 20 0 0 0
Lane Group Flow (vph) 126 39 980 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 64.4 96.2 96.2
Effective Green, g (s) 13.8 13.8 64.4 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.54 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1814 624 2810
v/s Ratio Prot c0.07 0.29 c0.17 0.12
v/s Ratio Perm 0.02 c0.45
v/c Ratio 0.62 0.21 0.54 0.78 0.15
Uniform Delay, d1 50.6 48.2 18.1 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.70 0.81
Incremental Delay, d2 5.5 0.6 1.2 5.2 0.1
Delay (s) 56.1 48.8 19.3 18.2 2.3
Level of Service E D B B A
Approach Delay (s) 50.7 19.3 10.7
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 50 80 190 0 10 90 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 53 84 200 0 11 95 379
RTOR Reduction (vph) 0 0 10 0 33 0 0 0 0 0 0 242
Lane Group Flow (vph) 0 116 1 589 136 0 84 200 0 11 95 137
Heavy Vehicles (%) 0% 2% 0% 3% 2% 8% 4% 6% 0% 0% 18% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.09 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1251 164 1495 30 1105 566
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.06 0.01 0.03
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.51 0.13 0.37 0.09 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.8 15.1 43.8 19.0 20.1
Progression Factor 1.01 1.03 0.94 0.84 0.90 0.74 1.32 0.56 0.99
Incremental Delay, d2 0.7 0.0 3.7 0.0 2.6 0.2 6.5 0.1 0.9
Delay (s) 39.6 38.2 34.1 15.3 37.4 11.4 64.3 10.8 20.8
Level of Service D D C B D B E B C
Approach Delay (s) 39.4 29.9 19.1 19.8
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 42.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 20 5 40 5 40 100 5 10 160 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 21 5 42 5 42 105 5 11 168 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 47 53 153 184
Volume Left (vph) 5 5 42 11
Volume Right (vph) 21 5 5 5
Hadj (s) -0.24 0.00 0.07 0.03
Departure Headway (s) 4.5 4.7 4.4 4.3
Degree Utilization, x 0.06 0.07 0.19 0.22
Capacity (veh/h) 733 700 786 798
Control Delay (s) 7.8 8.1 8.4 8.6
Approach Delay (s) 7.8 8.1 8.4 8.6
Approach LOS A A A A

Intersection Summary
Delay 8.4
HCM Level of Service A
Intersection Capacity Utilization 30.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 5 0 250 20 5 110 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 5 0 263 21 5 116 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 432 426 132 432 432 274 147 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 432 426 132 432 432 274 147 284
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 96 99 96 96 99 100 100
cM capacity (veh/h) 516 521 923 517 518 770 1447 1290

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 47 284 153
Volume Left 21 21 0 5
Volume Right 5 5 21 32
cSH 545 537 1447 1290
Volume to Capacity 0.09 0.09 0.00 0.00
Queue Length 95th (ft) 7 7 0 0
Control Delay (s) 12.2 12.4 0.0 0.3
Lane LOS B B A
Approach Delay (s) 12.2 12.4 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 10 5 200 20 10 170 30
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 11 5 211 21 11 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 32 26 255 139 24 261 137 26
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 32 26 255 139 24 261 137 26
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 99 99 71 98 98 76 97
cM capacity (veh/h) 1594 1601 542 732 1059 521 734 1047

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 47 53 237 221
Volume Left 21 21 5 11
Volume Right 5 11 21 32
cSH 1594 1601 747 752
Volume to Capacity 0.01 0.01 0.32 0.29
Queue Length 95th (ft) 1 1 34 31
Control Delay (s) 3.3 3.0 12.0 11.8
Lane LOS A A B B
Approach Delay (s) 3.3 3.0 12.0 11.8
Approach LOS B B

Intersection Summary
Average Delay 10.3
Intersection Capacity Utilization 25.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 140 240 110 120 90 1120 210 100 960 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1679 1770 1717 1770 3427 1770 3485
Flt Permitted 0.50 1.00 0.24 1.00 0.20 1.00 0.10 1.00
Satd. Flow (perm) 927 1679 444 1717 365 3427 193 3485
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 147 253 116 126 95 1179 221 105 1011 116
RTOR Reduction (vph) 0 73 0 0 0 0 0 16 0 0 9 0
Lane Group Flow (vph) 126 158 0 253 242 0 95 1384 0 105 1118 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 2% 3% 2% 2% 2% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.9 12.9 26.9 16.9 42.7 42.7 43.1 43.1
Effective Green, g (s) 18.9 12.9 26.9 16.9 42.7 42.7 43.1 43.1
Actuated g/C Ratio 0.21 0.14 0.30 0.19 0.47 0.47 0.48 0.48
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 251 241 280 322 236 1626 170 1669
v/s Ratio Prot 0.03 0.09 c0.10 0.14 0.02 c0.40 0.03 c0.32
v/s Ratio Perm 0.07 c0.17 0.17 0.27
v/c Ratio 0.50 0.66 0.90 0.75 0.40 0.85 0.62 0.67
Uniform Delay, d1 30.3 36.5 27.0 34.6 21.8 20.8 19.5 18.0
Progression Factor 1.00 1.00 1.00 1.00 0.80 0.70 0.70 0.86
Incremental Delay, d2 1.6 6.3 29.9 9.5 0.8 4.2 4.9 1.6
Delay (s) 31.7 42.6 57.0 44.1 18.2 18.7 18.5 17.0
Level of Service C D E D B B B B
Approach Delay (s) 38.8 50.7 18.7 17.2
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 24.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 86.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 190 0 60 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 200 0 63 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 600 474 200 605 474 84 84 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 600 474 200 605 474 84 84 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 75 91 100 68 95 98 95
cM capacity (veh/h) 281 457 843 288 457 975 1506 1372

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 232 147
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 542 531 1506 1372
Volume to Capacity 0.36 0.38 0.02 0.05
Queue Length 95th (ft) 41 43 2 4
Control Delay (s) 15.3 15.8 1.2 3.5
Lane LOS C C A A
Approach Delay (s) 15.3 15.8 1.2 3.5
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 39.1% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 200 10 0 70 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 211 11 0 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 326 105 332 353 216 137 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 326 105 332 353 216 137 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 98 99 99 98 99 100 100
cM capacity (veh/h) 613 595 955 614 575 829 1460 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 221 137
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 640 634 1460 1360
Volume to Capacity 0.06 0.03 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.0 10.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.0 10.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 21.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 15 190 10 105 105
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 16 200 11 111 111
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 537 205 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 537 205 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 98 92
cM capacity (veh/h) 467 840 1360

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 21 211 221
Volume Left 5 0 111
Volume Right 16 11 0
cSH 700 1700 1360
Volume to Capacity 0.03 0.12 0.08
Queue Length 95th (ft) 2 0 7
Control Delay (s) 10.3 0.0 4.3
Lane LOS B A
Approach Delay (s) 10.3 0.0 4.3
Approach LOS B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 35.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 60 5 10 40 10 5 40 30 10 20 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 63 5 11 42 11 5 42 32 11 21 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 53 68 161 150 66 197 147 47
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 53 68 161 150 66 197 147 47
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 99 99 94 97 99 97 99
cM capacity (veh/h) 1566 1546 782 732 995 704 740 1027

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 74 63 79 37
Volume Left 5 11 5 11
Volume Right 5 11 32 5
cSH 1566 1546 823 759
Volume to Capacity 0.00 0.01 0.10 0.05
Queue Length 95th (ft) 0 1 8 4
Control Delay (s) 0.5 1.3 9.8 10.0
Lane LOS A A A A
Approach Delay (s) 0.5 1.3 9.8 10.0
Approach LOS A A

Intersection Summary
Average Delay 5.0
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 30 220 210 30 240 210 970 260 260 1250 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1736 3523 1770 3689 1553
Flt Permitted 0.32 1.00 1.00 0.70 1.00 0.10 1.00 0.10 1.00 1.00
Satd. Flow (perm) 597 1845 1583 1308 1613 191 3523 180 3689 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 74 33 232 228 33 261 221 1021 283 283 1316 105
RTOR Reduction (vph) 0 0 200 0 223 0 0 27 0 0 0 57
Lane Group Flow (vph) 74 33 32 228 71 0 221 1277 0 283 1316 48
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 4% 5% 2% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 16.9 12.6 12.6 20.6 13.2 49.3 38.2 55.7 41.4 41.4
Effective Green, g (s) 16.9 12.6 12.6 20.6 13.2 49.3 38.2 55.7 41.4 41.4
Actuated g/C Ratio 0.19 0.14 0.14 0.23 0.15 0.55 0.42 0.62 0.46 0.46
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 169 258 222 337 237 295 1495 364 1697 714
v/s Ratio Prot 0.02 0.02 c0.06 0.04 0.09 c0.36 c0.12 0.36
v/s Ratio Perm 0.06 0.02 c0.10 0.32 0.36 0.03
v/c Ratio 0.44 0.13 0.15 0.68 0.30 0.75 0.85 0.78 0.78 0.07
Uniform Delay, d1 31.4 33.9 34.0 31.0 34.3 18.4 23.4 22.7 20.4 13.5
Progression Factor 0.99 0.99 0.95 1.00 1.00 1.00 0.87 1.33 0.58 0.46
Incremental Delay, d2 1.8 0.2 0.3 5.3 0.7 8.9 5.7 8.4 1.9 0.0
Delay (s) 32.9 33.7 32.6 36.3 35.0 27.4 26.1 38.6 13.6 6.2
Level of Service C C C D C C C D B A
Approach Delay (s) 32.8 35.6 26.3 17.3
Approach LOS C D C B

Intersection Summary
HCM Average Control Delay 24.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 85.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 620 10 820 0 0 1510 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 1421 1421 1805 3689 3662
Flt Permitted 0.95 1.00 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1703 1421 1421 173 3689 3662
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 653 11 863 0 0 1589 179
RTOR Reduction (vph) 0 0 0 0 230 66 0 0 0 0 8 0
Lane Group Flow (vph) 0 0 0 221 97 260 11 863 0 0 1760 0
Heavy Vehicles (%) 0% 0% 0% 6% 0% 8% 0% 3% 0% 0% 2% 4%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 16.2 16.2 33.6 45.0 43.9 60.2
Effective Green, g (s) 16.2 16.2 33.6 45.0 43.9 60.2
Actuated g/C Ratio 0.18 0.18 0.37 0.50 0.49 0.67
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 307 256 570 106 1799 2449
v/s Ratio Prot c0.13 0.07 c0.09 0.00 0.23 c0.48
v/s Ratio Perm 0.09 0.05
v/c Ratio 0.72 0.38 0.46 0.10 0.48 0.72
Uniform Delay, d1 34.8 32.5 21.3 29.4 15.4 9.5
Progression Factor 1.00 1.00 1.00 0.62 0.51 0.55
Incremental Delay, d2 7.9 0.9 0.6 0.1 0.2 1.3
Delay (s) 42.6 33.4 21.9 18.3 8.1 6.5
Level of Service D C C B A A
Approach Delay (s) 0.0 31.4 8.2 6.5
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 13.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 94.7% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 380 0 40 0 0 0 0 450 460 1060 660 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1754 1923 1583 3433 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1754 1923 1583 3433 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 400 0 42 0 0 0 0 474 484 1116 695 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 0 348 0 0 0
Lane Group Flow (vph) 0 437 0 0 0 0 0 474 136 1116 695 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 4% 2% 2% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 22.0 23.0 23.0 30.0 58.0
Effective Green, g (s) 22.0 23.0 23.0 30.0 58.0
Actuated g/C Ratio 0.24 0.26 0.26 0.33 0.64
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 429 491 405 1144 2401
v/s Ratio Prot c0.25 c0.25 c0.33 0.19
v/s Ratio Perm 0.09
v/c Ratio 1.02 0.97 0.33 0.98 0.29
Uniform Delay, d1 34.0 33.1 27.3 29.6 7.0
Progression Factor 1.00 0.89 1.08 0.80 0.63
Incremental Delay, d2 48.5 29.6 1.9 16.9 0.2
Delay (s) 82.5 59.0 31.3 40.6 4.6
Level of Service F E C D A
Approach Delay (s) 82.5 0.0 45.0 26.8
Approach LOS F A D C

Intersection Summary
HCM Average Control Delay 39.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 94.7% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 80 830 20 100 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 0.99
Satd. Flow (prot) 1639 1840 1842
Flt Permitted 0.99 1.00 0.77
Satd. Flow (perm) 1639 1840 1431
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 84 874 21 105 632
RTOR Reduction (vph) 78 0 1 0 0 0
Lane Group Flow (vph) 27 0 894 0 0 737
Heavy Vehicles (%) 0% 3% 3% 0% 5% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 6.4 73.6 73.6
Effective Green, g (s) 6.4 73.6 73.6
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1505 1170
v/s Ratio Prot c0.02 0.49
v/s Ratio Perm c0.51
v/c Ratio 0.23 0.59 0.63
Uniform Delay, d1 39.5 2.9 3.1
Progression Factor 1.00 0.51 1.36
Incremental Delay, d2 1.0 0.6 2.5
Delay (s) 40.5 2.1 6.7
Level of Service D A A
Approach Delay (s) 40.5 2.1 6.7
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 6.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 100.5% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 270 30 5 5 200 360 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 0.99 0.96 1.00 0.99
Satd. Flow (prot) 1844 1779 1669 1635
Flt Permitted 0.95 0.73 1.00 0.92
Satd. Flow (perm) 1762 1353 1667 1523
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 284 32 5 5 211 379 11 63 0
RTOR Reduction (vph) 0 4 0 0 1 0 0 59 0 0 0 0
Lane Group Flow (vph) 0 27 0 0 320 0 0 536 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 2% 3% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.0 26.0 54.0 54.0
Effective Green, g (s) 26.0 26.0 54.0 54.0
Actuated g/C Ratio 0.29 0.29 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 509 391 1000 914
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.24 c0.32 0.05
v/c Ratio 0.05 0.82 0.54 0.08
Uniform Delay, d1 23.1 29.8 10.6 7.6
Progression Factor 1.00 0.99 0.64 1.18
Incremental Delay, d2 0.0 10.5 1.8 0.2
Delay (s) 23.2 40.1 8.6 9.1
Level of Service C D A A
Approach Delay (s) 23.2 40.1 8.6 9.1
Approach LOS C D A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 250 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1779 1672
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1379 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 263 116 84
RTOR Reduction (vph) 8 0 0 0 33 0
Lane Group Flow (vph) 634 0 0 347 167 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1302 1010 262
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.25
v/c Ratio 0.49 0.34 0.64
Uniform Delay, d1 5.0 4.3 35.6
Progression Factor 1.00 0.37 1.00
Incremental Delay, d2 1.3 0.8 5.0
Delay (s) 6.3 2.4 40.6
Level of Service A A D
Approach Delay (s) 6.3 2.4 40.6
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 10.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 390 320 100 100 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 411 337 105 105 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 442 821 389
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 442 821 389
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 69 99
cM capacity (veh/h) 1129 341 663

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 421 442 111
Volume Left 11 0 105
Volume Right 0 105 5
cSH 1129 1700 349
Volume to Capacity 0.01 0.26 0.32
Queue Length 95th (ft) 1 0 33
Control Delay (s) 0.3 0.0 20.0
Lane LOS A C
Approach Delay (s) 0.3 0.0 20.0
Approach LOS C

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 210 10 30 170 430 10 260 20 260 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1834 1752 1863 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1834 1752 1863 1583 1818 830 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 221 11 32 179 453 11 274 21 274 95 53
RTOR Reduction (vph) 0 2 0 0 0 368 0 2 0 0 0 21
Lane Group Flow (vph) 32 230 0 32 179 85 0 304 0 274 95 32
Heavy Vehicles (%) 3% 3% 0% 3% 2% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.2 16.4 4.6 16.8 16.8 37.1 54.0 54.0 54.0
Effective Green, g (s) 4.2 16.4 4.6 16.8 16.8 37.1 54.0 54.0 54.0
Actuated g/C Ratio 0.05 0.18 0.05 0.19 0.19 0.41 0.60 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 82 334 90 348 295 749 622 1118 950
v/s Ratio Prot 0.02 c0.13 0.02 c0.10 c0.06 0.05
v/s Ratio Perm 0.05 0.17 c0.21 0.02
v/c Ratio 0.39 0.69 0.36 0.51 0.29 0.41 0.44 0.08 0.03
Uniform Delay, d1 41.7 34.4 41.3 32.9 31.5 18.7 9.8 7.6 7.3
Progression Factor 0.90 0.89 1.00 1.00 1.00 1.00 1.66 1.57 2.66
Incremental Delay, d2 3.0 5.8 2.4 1.3 0.5 1.6 0.4 0.1 0.1
Delay (s) 40.4 36.4 43.7 34.2 32.0 20.3 16.6 12.0 19.6
Level of Service D D D C C C B B B
Approach Delay (s) 36.9 33.2 20.3 16.0
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 27.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1310 1670 0 1760 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1379 1758 0 1853 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.61
vC, conflicting volume 3137 2305 689
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3137 1855 689
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 103 41 393

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 689 689 1758 926 926
Volume Left 0 0 0 0 0
Volume Right 0 0 1758 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.03 0.54 0.54
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 730 0 670 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 793 0 728 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 793 0 1576 761
vC1, stage 1 conf vol 761
vC2, stage 2 conf vol 815
vCu, unblocked vol 793 0 1576 761
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 836 0 331 404

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 793 793 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 836 1700 1700 1700 346
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 16.9
Lane LOS A C
Approach Delay (s) 0.1 0.0 16.9
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 48.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 700 60 50 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1770 1863 1805 1583
Flt Permitted 1.00 0.27 1.00 0.95 1.00
Satd. Flow (perm) 1843 509 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 761 65 54 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 459
Lane Group Flow (vph) 0 824 0 54 304 0 0 0 0 11 0 41
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 1
Permitted Phases 8 1
Actuated Green, G (s) 70.3 77.6 77.6 7.4 7.4
Effective Green, g (s) 70.3 77.6 77.6 7.4 7.4
Actuated g/C Ratio 0.78 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1440 506 1606 148 130
v/s Ratio Prot c0.45 0.01 c0.16 0.01
v/s Ratio Perm 0.09 c0.03
v/c Ratio 0.57 0.11 0.19 0.07 0.32
Uniform Delay, d1 3.9 2.6 1.0 38.1 38.9
Progression Factor 1.80 0.29 0.63 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.2 1.4
Delay (s) 8.6 0.8 0.7 38.4 40.3
Level of Service A A A D D
Approach Delay (s) 8.6 0.7 0.0 40.3
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 16.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 160 20 170 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1839 1770 1583
Flt Permitted 0.56 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1046 1863 1839 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 174 22 185 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 5 0 0 0 83 0 0 0
Lane Group Flow (vph) 630 141 0 0 191 0 185 0 15 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 66.0 66.0 22.9 14.0 14.0
Effective Green, g (s) 66.0 66.0 22.9 14.0 14.0
Actuated g/C Ratio 0.73 0.73 0.25 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1074 1366 468 275 246
v/s Ratio Prot c0.25 0.08 0.10
v/s Ratio Perm c0.18 c0.10 0.01
v/c Ratio 0.59 0.10 0.41 0.67 0.06
Uniform Delay, d1 8.1 3.5 27.9 35.8 32.4
Progression Factor 0.61 0.52 0.48 1.00 1.00
Incremental Delay, d2 0.7 0.1 0.6 6.3 0.1
Delay (s) 5.6 1.9 13.9 42.2 32.5
Level of Service A A B D C
Approach Delay (s) 4.9 13.9 38.8 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 14.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 10 5 160 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 11 5 174 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 228 408 223
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 228 408 223
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1352 601 822

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 228 179 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1352 660
Volume to Capacity 0.13 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 22.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 10 20 30 630 210 10 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1805 1819 1770 3517 1805 3407
Flt Permitted 0.72 1.00 0.41 1.00 0.57 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 784 1819 1071 3517 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 11 21 32 663 221 11 11 137 42
RTOR Reduction (vph) 0 310 0 0 29 0 0 3 0 0 20 0
Lane Group Flow (vph) 53 48 0 11 24 0 663 229 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Effective Green, g (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.72 0.51 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 145 181 84 196 995 2521 592 1700
v/s Ratio Prot 0.03 0.01 c0.15 0.07 0.00 0.05
v/s Ratio Perm c0.04 0.01 c0.37 0.01
v/c Ratio 0.37 0.27 0.13 0.12 0.67 0.09 0.02 0.09
Uniform Delay, d1 37.3 36.9 36.3 36.3 3.8 3.9 11.0 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.93 0.58 1.00 1.00
Incremental Delay, d2 1.6 0.8 0.7 0.3 1.5 0.1 0.0 0.1
Delay (s) 38.9 37.7 37.0 36.6 5.0 2.3 11.0 12.0
Level of Service D D D D A A B B
Approach Delay (s) 37.8 36.7 4.3 11.9
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 890 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3551 1583 1770 3689 1583 1770 3725 1568 3400 3479
Flt Permitted 0.17 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 317 3551 1583 661 3689 1583 1770 3725 1568 3400 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 937 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 47 0 0 249 0 0 162 0 11 0
Lane Group Flow (vph) 137 463 16 316 937 214 53 937 70 337 1094 0
Heavy Vehicles (%) 2% 7% 2% 2% 3% 2% 2% 2% 3% 3% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Effective Green, g (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Actuated g/C Ratio 0.33 0.26 0.26 0.41 0.32 0.32 0.05 0.30 0.30 0.13 0.38
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 197 927 413 413 1189 510 87 1126 474 427 1318
v/s Ratio Prot 0.04 0.13 c0.10 c0.25 0.03 c0.25 0.10 c0.31
v/s Ratio Perm 0.18 0.01 0.22 0.13 0.04
v/c Ratio 0.70 0.50 0.04 0.77 0.79 0.42 0.61 0.83 0.15 0.79 0.83
Uniform Delay, d1 23.1 28.3 24.8 19.3 27.7 23.9 42.0 29.3 22.9 38.2 25.3
Progression Factor 1.18 0.71 0.67 0.67 0.80 0.60 0.86 0.75 1.89 1.00 1.00
Incremental Delay, d2 9.9 1.9 0.2 5.9 3.8 1.8 6.8 3.2 0.1 9.4 4.5
Delay (s) 37.3 21.9 16.8 18.8 26.0 16.0 42.7 25.2 43.4 47.6 29.8
Level of Service D C B B C B D C D D C
Approach Delay (s) 24.6 22.0 29.4 34.0
Approach LOS C C C C

Intersection Summary
HCM Average Control Delay 27.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.1
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 970 30 40 1630 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3424 3521 1719 1637 1770 1697
Flt Permitted 0.93 0.90 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3173 3162 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1021 32 42 1716 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 2 0 0 1 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 1062 0 0 1799 0 21 17 0 105 28 0
Heavy Vehicles (%) 0% 5% 3% 3% 2% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2468 2459 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.33 c0.57 0.02 c0.08
v/c Ratio 0.43 0.73 0.13 0.09 0.64 0.14
Uniform Delay, d1 3.3 5.2 35.2 35.0 37.6 35.3
Progression Factor 1.88 0.65 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.4 0.4 0.2 8.4 0.3
Delay (s) 6.8 4.8 35.6 35.2 46.1 35.6
Level of Service A A D D D D
Approach Delay (s) 6.8 4.8 35.3 42.5
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1100 10 30 1740 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3467 3523 1805 1605 1752 1713
Flt Permitted 0.88 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3069 3215 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1158 11 32 1832 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 20 0
Lane Group Flow (vph) 0 1189 0 0 1904 0 11 6 0 42 12 0
Heavy Vehicles (%) 0% 4% 0% 3% 2% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 75.5 75.5 5.5 5.5 5.5 5.5
Effective Green, g (s) 75.5 75.5 5.5 5.5 5.5 5.5
Actuated g/C Ratio 0.84 0.84 0.06 0.06 0.06 0.06
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2575 2697 85 98 83 105
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.39 c0.59 0.01 c0.03
v/c Ratio 0.46 0.71 0.13 0.06 0.51 0.12
Uniform Delay, d1 1.9 2.9 40.0 39.8 40.9 40.0
Progression Factor 0.18 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 1.6 0.7 0.3 4.8 0.5
Delay (s) 0.9 4.4 40.7 40.1 45.7 40.5
Level of Service A A D D D D
Approach Delay (s) 0.9 4.4 40.3 43.4
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 87.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 760 250 370 1530 1280 200 550 160 730 730 170
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3619 1583 1770 3725 1583 1770 3725 1583 3433 3539 1583
Flt Permitted 0.10 1.00 1.00 0.17 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 181 3619 1583 325 3725 1583 1770 3725 1583 3433 3539 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 800 263 389 1611 1347 211 579 168 768 768 179
RTOR Reduction (vph) 0 0 126 0 0 315 0 0 116 0 0 84
Lane Group Flow (vph) 158 800 137 389 1611 1032 211 579 52 768 768 95
Heavy Vehicles (%) 3% 5% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 46.3 40.8 40.8 67.5 56.5 56.5 11.5 15.5 15.5 19.5 23.5 23.5
Effective Green, g (s) 46.3 40.8 40.8 67.5 56.5 56.5 11.5 15.5 15.5 19.5 23.5 23.5
Actuated g/C Ratio 0.39 0.34 0.34 0.56 0.47 0.47 0.10 0.13 0.13 0.16 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 142 1230 538 438 1754 745 170 481 204 558 693 310
v/s Ratio Prot 0.05 0.22 c0.16 0.43 0.12 c0.16 0.03 c0.22 0.22
v/s Ratio Perm 0.38 0.09 0.34 c0.65 0.06
v/c Ratio 1.11 0.65 0.25 0.89 0.92 1.39 1.24 1.20 0.26 1.38 1.11 0.31
Uniform Delay, d1 34.0 33.6 28.6 24.3 29.6 31.8 54.2 52.2 47.1 50.2 48.2 41.3
Progression Factor 1.00 1.00 1.00 1.51 0.88 0.73 1.04 1.04 1.24 1.00 1.00 1.00
Incremental Delay, d2 109.0 2.7 1.1 2.2 1.0 174.2 144.5 108.1 0.2 180.4 67.8 0.2
Delay (s) 142.9 36.2 29.8 38.9 27.0 197.3 201.0 162.6 58.6 230.7 116.1 41.5
Level of Service F D C D C F F F E F F D
Approach Delay (s) 48.6 96.9 152.8 159.6
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 111.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.35
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 116.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 730 20 1360 290 10 2440
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1538 3654 1568 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1538 3654 1568 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 753 21 1432 305 11 2568
RTOR Reduction (vph) 0 9 0 40 0 0
Lane Group Flow (vph) 753 12 1432 265 11 2568
Heavy Vehicles (%) 2% 5% 4% 3% 0% 2%
Turn Type Perm pm+ov Prot
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 42.0 42.0 62.2 104.2 0.8 68.0
Effective Green, g (s) 42.0 42.0 62.2 104.2 0.8 68.0
Actuated g/C Ratio 0.35 0.35 0.52 0.87 0.01 0.57
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 620 538 1894 1427 12 2111
v/s Ratio Prot c0.43 0.39 0.06 0.01 c0.69
v/s Ratio Perm 0.01 0.10
v/c Ratio 1.21 0.02 0.76 0.19 0.92 1.22
Uniform Delay, d1 39.0 25.5 22.9 1.2 59.6 26.0
Progression Factor 1.00 1.00 1.58 3.62 0.82 0.58
Incremental Delay, d2 110.8 0.0 0.9 0.0 163.9 100.3
Delay (s) 149.8 25.6 37.0 4.5 212.7 115.5
Level of Service F C D A F F
Approach Delay (s) 146.5 31.3 115.9
Approach LOS F C F

Intersection Summary
HCM Average Control Delay 91.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.22
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 112.9% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2120 190 790 1990 60 210 20 850 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2232 200 832 2095 63 221 21 895 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 17 0 0 0 0 0 38
Lane Group Flow (vph) 63 2232 123 832 2095 46 221 21 895 63 21 4
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 4.8 66.6 66.6 25.0 86.8 86.8 12.8 12.8 43.0 12.8 12.8 12.8
Effective Green, g (s) 4.8 66.6 66.6 25.0 86.8 86.8 12.8 12.8 43.0 12.8 12.8 12.8
Actuated g/C Ratio 0.04 0.55 0.55 0.21 0.72 0.72 0.11 0.11 0.36 0.11 0.11 0.11
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 71 2047 879 715 2668 1145 148 213 999 148 213 167
v/s Ratio Prot 0.04 c0.60 c0.24 0.57 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.89 1.09 0.14 1.16 0.79 0.04 1.49 0.10 0.90 0.43 0.10 0.03
Uniform Delay, d1 57.3 26.7 12.9 47.5 10.6 4.7 53.6 48.4 36.4 50.2 48.4 48.0
Progression Factor 0.83 0.70 0.17 1.09 1.04 1.15 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 64.2 48.9 0.3 75.2 0.2 0.0 254.1 0.1 10.2 0.7 0.1 0.0
Delay (s) 112.0 67.5 2.5 127.0 11.2 5.5 307.7 48.5 46.6 50.9 48.5 48.0
Level of Service F E A F B A F D D D D D
Approach Delay (s) 63.4 43.3 97.4 49.5
Approach LOS E D F D

Intersection Summary
HCM Average Control Delay 60.0 HCM Level of Service E
HCM Volume to Capacity ratio 1.16
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1752 3725 1770 2787
Flt Permitted 1.00 0.20 1.00 0.95 1.00
Satd. Flow (perm) 3486 363 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3151 0 695 1316 0 0 0 0 179 0 1642
Heavy Vehicles (%) 0% 2% 3% 3% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 70.0 45.3 45.3 10.0 59.7
Effective Green, g (s) 70.0 45.3 45.3 10.0 59.7
Actuated g/C Ratio 0.58 0.38 0.38 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2034 426 1406 148 1503
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.28 0.14
v/c Ratio 1.55 1.63 0.94 1.21 1.09
Uniform Delay, d1 25.0 34.6 36.0 55.0 30.2
Progression Factor 0.73 0.96 0.91 1.00 1.00
Incremental Delay, d2 247.4 291.5 8.8 141.2 52.8
Delay (s) 265.7 324.9 41.5 196.2 82.9
Level of Service F F D F F
Approach Delay (s) 265.7 139.4 0.0 94.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 184.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.44
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1421 1421
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1421 1421
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 505 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 8% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 87.7 87.7 87.7 22.3 22.3 22.3
Effective Green, g (s) 87.7 87.7 87.7 22.3 22.3 22.3
Actuated g/C Ratio 0.73 0.73 0.73 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2722 2586 1124 316 264 264
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.33 0.06 0.14
v/c Ratio 0.59 0.74 0.45 0.33 0.78 0.78
Uniform Delay, d1 7.7 9.4 6.5 42.4 46.5 46.5
Progression Factor 0.34 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.1 0.3 0.6 13.8 13.3
Delay (s) 2.7 10.5 6.8 43.0 60.4 59.8
Level of Service A B A D E E
Approach Delay (s) 2.7 9.6 56.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 12.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 240 480 440 160 380 930
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.40 1.00
Satd. Flow (perm) 1770 1583 3398 752 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 253 505 463 168 400 979
RTOR Reduction (vph) 0 403 29 0 0 0
Lane Group Flow (vph) 253 102 602 0 400 979
Turn Type Perm Perm
Protected Phases 8 2 6
Permitted Phases 8 6
Actuated Green, G (s) 20.3 20.3 89.7 89.7 89.7
Effective Green, g (s) 20.3 20.3 89.7 89.7 89.7
Actuated g/C Ratio 0.17 0.17 0.75 0.75 0.75
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 299 268 2540 562 2645
v/s Ratio Prot c0.14 0.18 0.28
v/s Ratio Perm 0.06 c0.53
v/c Ratio 0.85 0.38 0.24 0.71 0.37
Uniform Delay, d1 48.3 44.3 4.6 8.2 5.3
Progression Factor 1.00 1.00 1.00 1.91 1.36
Incremental Delay, d2 19.3 0.9 0.2 3.3 0.2
Delay (s) 67.6 45.2 4.9 18.9 7.3
Level of Service E D A B A
Approach Delay (s) 52.7 4.9 10.7
Approach LOS D A B

Intersection Summary
HCM Average Control Delay 20.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 190 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3282 1752 3438 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.60 1.00 0.67 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1117 3282 1227 3438 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 200 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 362
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 200 301
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 10% 0% 3% 5% 2%
Turn Type Perm Perm Prot pm+pt Perm pm+pt Perm
Protected Phases 8 7 4 5 2 1 6
Permitted Phases 8 8 2 2 2 6 6
Actuated Green, G (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Effective Green, g (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.54 0.47 0.50 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 521 1057 646 1557 637 1562 719
v/s Ratio Prot c0.04 c0.10 0.04 c0.01 0.04 0.00 0.06
v/s Ratio Perm 0.00 0.05 0.02 c0.19
v/c Ratio 0.43 0.01 0.63 0.12 0.10 0.09 0.05 0.13 0.42
Uniform Delay, d1 37.8 36.1 35.7 22.1 9.9 13.0 11.5 14.2 16.5
Progression Factor 0.99 0.96 0.92 0.82 1.27 1.24 0.36 0.34 3.09
Incremental Delay, d2 0.8 0.0 2.2 0.0 0.1 0.1 0.0 0.1 1.1
Delay (s) 38.3 34.8 35.1 18.2 12.6 16.2 4.1 5.0 52.3
Level of Service D C D B B B A A D
Approach Delay (s) 37.9 29.6 15.0 40.0
Approach LOS D C B D

Intersection Summary
HCM Average Control Delay 34.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 40 0 40 30 10 180 0 5 110 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 42 0 42 32 11 189 0 5 116 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 100 74 200 126
Volume Left (vph) 5 0 11 5
Volume Right (vph) 42 32 0 5
Hadj (s) -0.20 -0.21 0.04 0.01
Departure Headway (s) 4.6 4.6 4.5 4.6
Degree Utilization, x 0.13 0.09 0.25 0.16
Capacity (veh/h) 726 719 764 744
Control Delay (s) 8.2 8.1 9.0 8.4
Approach Delay (s) 8.2 8.1 9.0 8.4
Approach LOS A A A A

Intersection Summary
Delay 8.6
HCM Level of Service A
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 160 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 168 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 458 442 232 442 437 184 242 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 458 442 232 442 437 184 242 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 467 511 813 508 511 863 1336 1384

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 200 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 496 525 1336 1384
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.4 13.1 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.4 13.1 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 30 20 5 20 50 10 5 180 30 5 210 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 21 5 21 53 11 5 189 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 63 26 318 192 24 313 189 58
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 63 26 318 192 24 313 189 58
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 98 99 99 72 97 99 68 98
cM capacity (veh/h) 1533 1601 457 679 1050 478 682 1014

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 58 84 226 247
Volume Left 32 21 5 5
Volume Right 5 11 32 21
cSH 1533 1601 706 695
Volume to Capacity 0.02 0.01 0.32 0.36
Queue Length 95th (ft) 2 1 35 40
Control Delay (s) 4.1 1.9 12.5 13.0
Lane LOS A A B B
Approach Delay (s) 4.1 1.9 12.5 13.0
Approach LOS B B

Intersection Summary
Average Delay 10.5
Intersection Capacity Utilization 27.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 120 110 170 120 100 170 980 280 140 950 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.93 1.00 0.93 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1729 1770 1736 1770 3395 1770 3450
Flt Permitted 0.36 1.00 0.35 1.00 0.21 1.00 0.12 1.00
Satd. Flow (perm) 667 1729 647 1736 384 3395 217 3450
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 126 116 179 126 105 179 1032 295 147 1000 126
RTOR Reduction (vph) 0 38 0 0 0 0 0 29 0 0 10 0
Lane Group Flow (vph) 137 204 0 179 231 0 179 1298 0 147 1116 0
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 14.2 22.9 15.8 41.3 41.3 41.7 41.7
Effective Green, g (s) 19.7 14.2 22.9 15.8 41.3 41.3 41.7 41.7
Actuated g/C Ratio 0.22 0.16 0.25 0.18 0.46 0.46 0.46 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 213 273 253 305 284 1558 228 1599
v/s Ratio Prot 0.04 0.12 c0.06 c0.13 0.05 c0.38 0.05 c0.32
v/s Ratio Perm 0.10 0.12 0.24 0.25
v/c Ratio 0.64 0.75 0.71 0.76 0.63 0.83 0.64 0.70
Uniform Delay, d1 35.9 36.2 34.5 35.3 25.6 21.3 19.7 19.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.49 0.38
Incremental Delay, d2 6.5 10.6 8.7 10.3 4.5 5.4 3.8 1.6
Delay (s) 42.6 46.8 43.2 45.5 30.1 26.7 33.2 8.8
Level of Service D D D D C C C A
Approach Delay (s) 45.3 44.5 27.1 11.7
Approach LOS D D C B

Intersection Summary
HCM Average Control Delay 25.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 82.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 130 5 70 160 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 137 5 74 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 645 561 139 692 563 168 168 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 645 561 139 692 563 168 168 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 66 93 100 68 98 96 95
cM capacity (veh/h) 268 399 909 231 398 881 1409 1447

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 195 242
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 475 431 1409 1447
Volume to Capacity 0.43 0.34 0.04 0.05
Queue Length 95th (ft) 54 37 3 4
Control Delay (s) 18.2 17.6 2.3 2.6
Lane LOS C C A A
Approach Delay (s) 18.2 17.6 2.3 2.6
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 120 5 0 160 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 126 5 0 168 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 313 311 179 313 318 129 189 132
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 313 311 179 313 318 129 189 132
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 92 98 100 98 98 100 100 100
cM capacity (veh/h) 631 607 869 635 601 926 1397 1466

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 132 189
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 627 618 1397 1466
Volume to Capacity 0.10 0.03 0.00 0.00
Queue Length 95th (ft) 8 3 0 0
Control Delay (s) 11.4 11.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.4 11.0 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 21.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 35 195 5 100 100
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 37 205 5 105 105
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 524 208 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 524 208 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 96 92
cM capacity (veh/h) 477 830 1360

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 42 211 211
Volume Left 5 0 105
Volume Right 37 5 0
cSH 760 1700 1360
Volume to Capacity 0.06 0.12 0.08
Queue Length 95th (ft) 4 0 6
Control Delay (s) 10.0 0.0 4.3
Lane LOS B A
Approach Delay (s) 10.0 0.0 4.3
Approach LOS B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 34.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 40 0 30 60 10 5 10 10 10 70 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 42 0 32 63 11 5 11 11 11 74 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 74 42 226 189 42 200 184 68
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 42 226 189 42 200 184 68
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 98 99 98 99 99 89 99
cM capacity (veh/h) 1539 1560 658 692 1034 733 695 1000

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 47 105 26 89
Volume Left 5 32 5 11
Volume Right 0 11 11 5
cSH 1539 1560 788 712
Volume to Capacity 0.00 0.02 0.03 0.13
Queue Length 95th (ft) 0 2 3 11
Control Delay (s) 0.8 2.3 9.7 10.8
Lane LOS A A A B
Approach Delay (s) 0.8 2.3 9.7 10.8
Approach LOS A B

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 23.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 30 250 270 30 290 230 1430 250 240 1080 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.91 0.91 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3610 1610 3531 1524
Flt Permitted 0.26 1.00 1.00 0.65 1.00 0.23 1.00 0.06 0.70 1.00
Satd. Flow (perm) 484 1845 1583 1213 1608 431 3610 105 2481 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 95 33 263 293 33 315 242 1505 272 261 1137 105
RTOR Reduction (vph) 0 0 106 0 224 0 0 11 0 0 0 44
Lane Group Flow (vph) 95 33 157 293 124 0 242 1766 0 235 1163 61
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 3% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 21.4 15.4 15.4 25.4 17.4 70.6 59.4 81.6 81.6 65.4
Effective Green, g (s) 21.4 15.4 15.4 25.4 17.4 70.6 59.4 81.6 81.6 65.4
Actuated g/C Ratio 0.18 0.13 0.13 0.21 0.14 0.59 0.50 0.68 0.68 0.55
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 151 237 203 294 233 379 1787 287 1838 831
v/s Ratio Prot 0.03 0.02 c0.07 0.08 0.06 c0.49 c0.12 c0.09
v/s Ratio Perm 0.08 0.10 c0.14 0.32 0.44 0.34 0.04
v/c Ratio 0.63 0.14 0.77 1.00 0.53 0.64 0.99 0.82 0.63 0.07
Uniform Delay, d1 43.4 46.4 50.6 46.8 47.5 11.8 30.0 38.2 10.8 12.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.06 1.00 1.00 1.00
Incremental Delay, d2 8.0 0.3 16.5 51.2 2.3 0.3 4.2 16.4 0.7 0.0
Delay (s) 51.3 46.7 67.1 98.0 49.9 11.5 35.8 54.6 11.5 13.0
Level of Service D D E F D B D D B B
Approach Delay (s) 61.5 71.9 32.9 18.3
Approach LOS E E C B

Intersection Summary
HCM Average Control Delay 36.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 114.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 430 0 1180 20 720 0 0 1210 380
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1752 1553 1954 1942 1568
Flt Permitted 0.95 1.00 0.42 1.00 1.00
Satd. Flow (perm) 1752 1553 831 1942 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 453 0 1242 21 758 0 0 1274 400
RTOR Reduction (vph) 0 0 0 0 0 104 0 0 0 0 0 104
Lane Group Flow (vph) 0 0 0 453 0 1138 0 779 0 0 1274 296
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 10% 2% 0% 0% 3% 3%
Turn Type custom custom Perm Perm
Protected Phases 8 8 2 6
Permitted Phases 8 8 2 6
Actuated Green, G (s) 46.0 46.0 64.0 64.0 64.0
Effective Green, g (s) 46.0 46.0 64.0 64.0 64.0
Actuated g/C Ratio 0.38 0.38 0.53 0.53 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 672 595 443 1036 836
v/s Ratio Prot 0.26 c0.73 0.66
v/s Ratio Perm c0.94 0.19
v/c Ratio 0.67 1.91 1.76 1.23 0.35
Uniform Delay, d1 30.8 37.0 28.0 28.0 16.1
Progression Factor 1.00 1.00 0.29 0.91 0.48
Incremental Delay, d2 2.7 416.8 342.2 109.3 0.8
Delay (s) 33.4 453.8 350.2 134.7 8.6
Level of Service C F F F A
Approach Delay (s) 0.0 341.4 350.2 104.6
Approach LOS A F F F

Intersection Summary
HCM Average Control Delay 247.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.82
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 118.4% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 190 0 20 0 0 0 0 540 250 760 870 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.96 1.00
Flt Protected 0.96 1.00 0.98
Satd. Flow (prot) 1709 1871 1899
Flt Permitted 0.96 1.00 0.98
Satd. Flow (perm) 1709 1871 1899
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 200 0 21 0 0 0 0 568 263 800 916 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 14 0 0 0 0
Lane Group Flow (vph) 0 218 0 0 0 0 0 817 0 0 1716 0
Heavy Vehicles (%) 5% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Split
Protected Phases 4 4 2 6 6
Permitted Phases
Actuated Green, G (s) 16.0 30.0 59.0
Effective Green, g (s) 16.0 30.0 59.0
Actuated g/C Ratio 0.13 0.25 0.49
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 228 468 934
v/s Ratio Prot c0.13 c0.44 c0.90
v/s Ratio Perm
v/c Ratio 0.95 1.75 1.84
Uniform Delay, d1 51.6 45.0 30.5
Progression Factor 1.00 1.00 0.79
Incremental Delay, d2 46.5 344.1 377.1
Delay (s) 98.1 389.1 401.4
Level of Service F F F
Approach Delay (s) 98.1 0.0 389.1 401.4
Approach LOS F A F F

Intersection Summary
HCM Average Control Delay 373.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.68
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 149.2% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 30 140 650 20 70 810
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 147 684 21 74 853
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 1000
pX, platoon unblocked 0.52
vC, conflicting volume 1695 695 705
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1876 695 705
tC, single (s) 6.4 6.2 4.2
tC, 2 stage (s)
tF (s) 3.5 3.3 2.3
p0 queue free % 15 66 92
cM capacity (veh/h) 37 439 875

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 179 705 926
Volume Left 32 0 74
Volume Right 147 21 0
cSH 151 1700 875
Volume to Capacity 1.19 0.41 0.08
Queue Length 95th (ft) 254 0 7
Control Delay (s) 191.8 0.0 2.2
Lane LOS F A
Approach Delay (s) 191.8 0.0 2.2
Approach LOS F

Intersection Summary
Average Delay 20.1
Intersection Capacity Utilization 102.2% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 10 360 20 5 10 120 280 5 180 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1826 1779 1650 1805
Flt Permitted 1.00 0.69 0.99 0.99
Satd. Flow (perm) 1826 1291 1640 1792
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 11 379 21 5 11 126 295 5 189 5
RTOR Reduction (vph) 0 7 0 0 1 0 0 70 0 0 1 0
Lane Group Flow (vph) 0 57 0 0 404 0 0 362 0 0 198 0
Heavy Vehicles (%) 0% 2% 0% 2% 0% 0% 0% 8% 3% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 34.6 34.6 45.4 45.4
Effective Green, g (s) 34.6 34.6 45.4 45.4
Actuated g/C Ratio 0.38 0.38 0.50 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 702 496 827 904
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.22 0.11
v/c Ratio 0.08 0.82 0.44 0.22
Uniform Delay, d1 17.6 24.8 14.2 12.4
Progression Factor 1.00 1.15 0.83 0.54
Incremental Delay, d2 0.1 7.3 1.6 0.6
Delay (s) 17.7 35.8 13.4 7.2
Level of Service B D B A
Approach Delay (s) 17.7 35.8 13.4 7.2
Approach LOS B D B A

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1713
Flt Permitted 1.00 0.85 0.97
Satd. Flow (perm) 1755 1577 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 84
RTOR Reduction (vph) 9 0 0 0 29 0
Lane Group Flow (vph) 475 0 0 579 213 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.4 63.4 16.6
Effective Green, g (s) 63.4 63.4 16.6
Actuated g/C Ratio 0.70 0.70 0.18
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1236 1111 316
v/s Ratio Prot 0.27 c0.12
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.68
Uniform Delay, d1 5.4 6.2 34.2
Progression Factor 1.00 0.54 1.00
Incremental Delay, d2 0.9 1.6 5.6
Delay (s) 6.3 4.9 39.8
Level of Service A A D
Approach Delay (s) 6.3 4.9 39.8
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 340 400 90 100 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 358 421 95 105 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 847 468
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 847 468
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 68 98
cM capacity (veh/h) 1060 329 599

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 368 516 116
Volume Left 11 0 105
Volume Right 0 95 11
cSH 1060 1700 343
Volume to Capacity 0.01 0.30 0.34
Queue Length 95th (ft) 1 0 36
Control Delay (s) 0.3 0.0 20.8
Lane LOS A C
Approach Delay (s) 0.3 0.0 20.8
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 170 20 30 260 290 20 120 30 420 200 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1805 1837 1752 1863 1583 1796 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.94 0.41 1.00 1.00
Satd. Flow (perm) 1805 1837 1752 1863 1583 1697 773 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 179 21 32 274 305 21 126 32 442 211 53
RTOR Reduction (vph) 0 5 0 0 0 239 0 9 0 0 0 24
Lane Group Flow (vph) 21 195 0 32 274 66 0 170 0 442 211 29
Heavy Vehicles (%) 0% 2% 0% 3% 2% 2% 0% 3% 3% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 1.5 14.9 1.5 14.9 14.9 12.6 37.6 37.6 37.6
Effective Green, g (s) 1.5 14.9 1.5 14.9 14.9 12.6 37.6 37.6 37.6
Actuated g/C Ratio 0.02 0.22 0.02 0.22 0.22 0.18 0.54 0.54 0.54
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 39 397 38 402 342 310 710 1015 863
v/s Ratio Prot 0.01 c0.11 0.02 c0.15 c0.18 0.11
v/s Ratio Perm 0.04 0.10 c0.16 0.02
v/c Ratio 0.54 0.49 0.84 0.68 0.19 0.55 0.62 0.21 0.03
Uniform Delay, d1 33.4 23.7 33.6 24.9 22.1 25.6 10.5 8.1 7.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 13.5 1.0 85.4 4.7 0.3 2.0 1.7 0.1 0.0
Delay (s) 47.0 24.7 119.0 29.6 22.4 27.6 12.2 8.2 7.3
Level of Service D C F C C C B A A
Approach Delay (s) 26.8 30.7 27.6 10.6
Approach LOS C C C B

Intersection Summary
HCM Average Control Delay 21.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 69.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 66.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1530 1350 0 1900 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1611 1421 0 2000 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.61
vC, conflicting volume 3032 2611 805
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3032 2365 805
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 114 19 330

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 805 805 1421 1000 1000
Volume Left 0 0 0 0 0
Volume Right 0 0 1421 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.47 0.47 0.84 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 720 0 770 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 837 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 848 0 1625 842
vC1, stage 1 conf vol 842
vC2, stage 2 conf vol 783
vCu, unblocked vol 848 0 1625 842
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 798 0 320 367

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 0 783 848 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 320
Volume to Capacity 0.00 0.46 0.50 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.1
Lane LOS C
Approach Delay (s) 0.0 0.0 21.1
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1770 1863 1805 1583
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 1798 410 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 8 0 0 0 0 0 0 0 0 0 598
Lane Group Flow (vph) 0 872 0 152 207 0 0 0 0 11 0 54
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.4 77.5 77.5 7.5 7.5
Effective Green, g (s) 65.4 77.5 77.5 7.5 7.5
Actuated g/C Ratio 0.73 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1307 498 1604 150 132
v/s Ratio Prot c0.48 c0.03 0.11 0.01
v/s Ratio Perm 0.23 c0.03
v/c Ratio 0.67 0.31 0.13 0.07 0.41
Uniform Delay, d1 6.5 5.0 1.0 38.0 39.2
Progression Factor 0.93 4.43 0.78 1.00 1.00
Incremental Delay, d2 2.7 0.3 0.0 0.2 2.1
Delay (s) 8.7 22.5 0.8 38.3 41.2
Level of Service A C A D D
Approach Delay (s) 8.7 10.0 0.0 41.2
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 20.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1848 1770 1583
Flt Permitted 0.50 1.00 1.00 0.95 1.00
Satd. Flow (perm) 929 1863 1848 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 50 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 4 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt Prot custom
Protected Phases 7 4 8 5
Permitted Phases 4 5
Actuated Green, G (s) 75.4 75.4 57.6 7.1 7.1
Effective Green, g (s) 75.4 75.4 57.6 7.1 7.1
Actuated g/C Ratio 0.84 0.84 0.64 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 898 1561 1183 140 125
v/s Ratio Prot c0.09 0.07 0.18 c0.03
v/s Ratio Perm c0.42 0.00
v/c Ratio 0.60 0.08 0.27 0.39 0.03
Uniform Delay, d1 2.3 1.3 7.1 39.4 38.3
Progression Factor 1.58 0.88 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 1.8 0.1
Delay (s) 4.5 1.2 7.2 41.1 38.4
Level of Service A A A D D
Approach Delay (s) 3.9 7.2 39.8 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 8.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 290 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 315 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 505 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 505 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 528 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 321 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 607
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.1
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.1
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 10 20 30 630 210 10 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1805 1819 1770 3517 1805 3407
Flt Permitted 0.72 1.00 0.41 1.00 0.57 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 784 1819 1071 3517 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 11 21 32 663 221 11 11 137 42
RTOR Reduction (vph) 0 310 0 0 29 0 0 3 0 0 20 0
Lane Group Flow (vph) 53 48 0 11 24 0 663 229 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Effective Green, g (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.72 0.51 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 145 181 84 196 995 2521 592 1700
v/s Ratio Prot 0.03 0.01 c0.15 0.07 0.00 0.05
v/s Ratio Perm c0.04 0.01 c0.37 0.01
v/c Ratio 0.37 0.27 0.13 0.12 0.67 0.09 0.02 0.09
Uniform Delay, d1 37.3 36.9 36.3 36.3 3.8 3.9 11.0 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.93 0.58 1.00 1.00
Incremental Delay, d2 1.6 0.8 0.7 0.3 1.5 0.1 0.0 0.1
Delay (s) 38.9 37.7 37.0 36.6 5.0 2.3 11.0 12.0
Level of Service D D D D A A B B
Approach Delay (s) 37.8 36.7 4.3 11.9
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 890 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3551 1583 1770 3689 1583 1770 3725 1568 3400 3479
Flt Permitted 0.17 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 317 3551 1583 661 3689 1583 1770 3725 1568 3400 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 937 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 47 0 0 249 0 0 162 0 11 0
Lane Group Flow (vph) 137 463 16 316 937 214 53 937 70 337 1094 0
Heavy Vehicles (%) 2% 7% 2% 2% 3% 2% 2% 2% 3% 3% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Effective Green, g (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Actuated g/C Ratio 0.33 0.26 0.26 0.41 0.32 0.32 0.05 0.30 0.30 0.13 0.38
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 197 927 413 413 1189 510 87 1126 474 427 1318
v/s Ratio Prot 0.04 0.13 c0.10 c0.25 0.03 c0.25 0.10 c0.31
v/s Ratio Perm 0.18 0.01 0.22 0.13 0.04
v/c Ratio 0.70 0.50 0.04 0.77 0.79 0.42 0.61 0.83 0.15 0.79 0.83
Uniform Delay, d1 23.1 28.3 24.8 19.3 27.7 23.9 42.0 29.3 22.9 38.2 25.3
Progression Factor 1.18 0.70 0.67 0.67 0.80 0.60 0.85 0.72 1.75 1.00 1.00
Incremental Delay, d2 9.9 1.9 0.2 5.9 3.8 1.8 6.8 3.2 0.1 9.4 4.5
Delay (s) 37.2 21.8 16.8 18.8 26.0 16.0 42.3 24.2 40.2 47.6 29.8
Level of Service D C B B C B D C D D C
Approach Delay (s) 24.5 22.0 28.0 34.0
Approach LOS C C C C

Intersection Summary
HCM Average Control Delay 27.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.1
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 970 30 40 1630 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3424 3521 1719 1637 1770 1697
Flt Permitted 0.93 0.90 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3173 3162 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1021 32 42 1716 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 2 0 0 1 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 1062 0 0 1799 0 21 17 0 105 28 0
Heavy Vehicles (%) 0% 5% 3% 3% 2% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2468 2459 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.33 c0.57 0.02 c0.08
v/c Ratio 0.43 0.73 0.13 0.09 0.64 0.14
Uniform Delay, d1 3.3 5.2 35.2 35.0 37.6 35.3
Progression Factor 1.89 0.65 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.4 0.4 0.2 8.4 0.3
Delay (s) 6.8 4.8 35.6 35.2 46.1 35.6
Level of Service A A D D D D
Approach Delay (s) 6.8 4.8 35.3 42.5
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1100 10 30 1740 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3467 3523 1805 1605 1752 1713
Flt Permitted 0.88 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3069 3215 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1158 11 32 1832 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 20 0
Lane Group Flow (vph) 0 1189 0 0 1904 0 11 6 0 42 12 0
Heavy Vehicles (%) 0% 4% 0% 3% 2% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 75.5 75.5 5.5 5.5 5.5 5.5
Effective Green, g (s) 75.5 75.5 5.5 5.5 5.5 5.5
Actuated g/C Ratio 0.84 0.84 0.06 0.06 0.06 0.06
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2575 2697 85 98 83 105
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.39 c0.59 0.01 c0.03
v/c Ratio 0.46 0.71 0.13 0.06 0.51 0.12
Uniform Delay, d1 1.9 2.9 40.0 39.8 40.9 40.0
Progression Factor 0.17 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 1.6 0.7 0.3 4.8 0.5
Delay (s) 0.9 4.4 40.7 40.1 45.7 40.5
Level of Service A A D D D D
Approach Delay (s) 0.9 4.4 40.3 43.4
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 87.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 760 250 370 1530 1280 200 550 160 730 730 170
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 3619 1583 1770 3725 1583 1770 3725 1583 3433 3539 1583
Flt Permitted 0.10 1.00 1.00 0.17 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 181 3619 1583 325 3725 1583 1770 3725 1583 3433 3539 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 800 263 389 1611 1347 211 579 168 768 768 179
RTOR Reduction (vph) 0 0 126 0 0 315 0 0 116 0 0 84
Lane Group Flow (vph) 158 800 137 389 1611 1032 211 579 52 768 768 95
Heavy Vehicles (%) 3% 5% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 46.3 40.8 40.8 67.5 56.5 56.5 11.5 15.5 15.5 19.5 23.5 23.5
Effective Green, g (s) 46.3 40.8 40.8 67.5 56.5 56.5 11.5 15.5 15.5 19.5 23.5 23.5
Actuated g/C Ratio 0.39 0.34 0.34 0.56 0.47 0.47 0.10 0.13 0.13 0.16 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 142 1230 538 438 1754 745 170 481 204 558 693 310
v/s Ratio Prot 0.05 0.22 c0.16 0.43 0.12 c0.16 0.03 c0.22 0.22
v/s Ratio Perm 0.38 0.09 0.34 c0.65 0.06
v/c Ratio 1.11 0.65 0.25 0.89 0.92 1.39 1.24 1.20 0.26 1.38 1.11 0.31
Uniform Delay, d1 34.0 33.6 28.6 24.3 29.6 31.8 54.2 52.2 47.1 50.2 48.2 41.3
Progression Factor 1.00 1.00 1.00 1.00 0.89 0.96 0.89 0.90 0.79 1.00 1.00 1.00
Incremental Delay, d2 109.0 2.7 1.1 5.9 2.7 175.6 145.1 108.5 0.2 180.4 67.8 0.2
Delay (s) 142.9 36.2 29.8 30.1 29.2 206.2 193.6 155.3 37.2 230.7 116.1 41.5
Level of Service F D C C C F F F D F F D
Approach Delay (s) 48.6 100.5 143.1 159.6
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 111.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.35
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 116.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 730 20 1360 290 10 2440
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1538 3654 1568 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 3433 1538 3654 1568 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 753 21 1432 305 11 2568
RTOR Reduction (vph) 0 16 0 41 0 0
Lane Group Flow (vph) 753 5 1432 264 11 2568
Heavy Vehicles (%) 2% 5% 4% 3% 0% 2%
Turn Type Perm pm+ov Prot
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 27.0 27.0 76.8 103.8 1.2 83.0
Effective Green, g (s) 27.0 27.0 76.8 103.8 1.2 83.0
Actuated g/C Ratio 0.22 0.22 0.64 0.86 0.01 0.69
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 772 346 2339 1422 18 2576
v/s Ratio Prot c0.22 0.39 0.04 0.01 c0.69
v/s Ratio Perm 0.00 0.13
v/c Ratio 0.98 0.01 0.61 0.19 0.61 1.00
Uniform Delay, d1 46.2 36.1 12.8 1.3 59.2 18.4
Progression Factor 1.00 1.00 0.97 0.00 0.83 0.40
Incremental Delay, d2 26.2 0.0 0.4 0.0 32.3 13.1
Delay (s) 72.3 36.2 12.8 0.0 81.2 20.4
Level of Service E D B A F C
Approach Delay (s) 71.4 10.6 20.6
Approach LOS E B C

Intersection Summary
HCM Average Control Delay 24.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2120 190 790 1990 60 210 20 850 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2232 200 832 2095 63 221 21 895 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 18 0 0 0 0 0 36
Lane Group Flow (vph) 63 2232 123 832 2095 45 221 21 895 63 21 6
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 62.6 62.6 25.0 82.0 82.0 16.8 16.8 47.0 16.8 16.8 16.8
Effective Green, g (s) 5.6 62.6 62.6 25.0 82.0 82.0 16.8 16.8 47.0 16.8 16.8 16.8
Actuated g/C Ratio 0.05 0.52 0.52 0.21 0.68 0.68 0.14 0.14 0.39 0.14 0.14 0.14
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 1924 826 715 2521 1082 194 280 1092 194 280 220
v/s Ratio Prot 0.04 c0.60 c0.24 0.57 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.76 1.16 0.15 1.16 0.83 0.04 1.14 0.08 0.82 0.32 0.08 0.03
Uniform Delay, d1 56.5 28.7 14.9 47.5 13.9 6.2 51.6 44.8 32.7 46.5 44.8 44.5
Progression Factor 0.72 0.42 0.04 0.99 0.81 0.74 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 28.1 78.0 0.4 75.2 0.3 0.0 107.1 0.0 4.7 0.4 0.0 0.0
Delay (s) 68.9 90.2 0.9 122.5 11.5 4.6 158.7 44.9 37.4 46.8 44.9 44.6
Level of Service E F A F B A F D D D D D
Approach Delay (s) 82.5 42.3 61.1 45.8
Approach LOS F D E D

Intersection Summary
HCM Average Control Delay 60.4 HCM Level of Service E
HCM Volume to Capacity ratio 1.16
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1752 3725 1770 2787
Flt Permitted 1.00 0.18 1.00 0.95 1.00
Satd. Flow (perm) 3486 337 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3151 0 695 1316 0 0 0 0 179 0 1642
Heavy Vehicles (%) 0% 2% 3% 3% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 71.0 45.9 45.9 10.0 59.1
Effective Green, g (s) 71.0 45.9 45.9 10.0 59.1
Actuated g/C Ratio 0.59 0.38 0.38 0.08 0.49
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2063 412 1425 148 1489
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.31 0.14
v/c Ratio 1.53 1.69 0.92 1.21 1.10
Uniform Delay, d1 24.5 34.9 35.4 55.0 30.4
Progression Factor 0.82 0.97 0.92 1.00 1.00
Incremental Delay, d2 237.7 316.4 7.6 141.2 56.8
Delay (s) 257.7 350.0 40.2 196.2 87.3
Level of Service F F D F F
Approach Delay (s) 257.7 147.3 0.0 98.0
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 184.3 HCM Level of Service F
HCM Volume to Capacity ratio 1.45
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1421 1421
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1421 1421
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 505 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 8% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 87.7 87.7 87.7 22.3 22.3 22.3
Effective Green, g (s) 87.7 87.7 87.7 22.3 22.3 22.3
Actuated g/C Ratio 0.73 0.73 0.73 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2722 2586 1124 316 264 264
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.33 0.06 0.14
v/c Ratio 0.59 0.74 0.45 0.33 0.78 0.78
Uniform Delay, d1 7.7 9.4 6.5 42.4 46.5 46.5
Progression Factor 0.35 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.1 0.3 0.6 13.8 13.3
Delay (s) 2.8 10.5 6.8 43.0 60.4 59.8
Level of Service A B A D E E
Approach Delay (s) 2.8 9.6 56.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 12.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 240 480 440 160 380 930
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.38 1.00
Satd. Flow (perm) 1770 1583 3398 700 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 253 505 463 168 400 979
RTOR Reduction (vph) 0 407 18 0 0 0
Lane Group Flow (vph) 253 98 613 0 400 979
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 23.2 23.2 68.9 86.8 86.8
Effective Green, g (s) 23.2 23.2 68.9 86.8 86.8
Actuated g/C Ratio 0.19 0.19 0.57 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 306 1951 621 2560
v/s Ratio Prot c0.14 0.18 c0.07 0.28
v/s Ratio Perm 0.06 c0.40
v/c Ratio 0.74 0.32 0.31 0.64 0.38
Uniform Delay, d1 45.6 41.6 13.3 13.7 6.3
Progression Factor 1.00 1.00 1.00 0.82 0.76
Incremental Delay, d2 8.1 0.6 0.4 1.0 0.2
Delay (s) 53.7 42.2 13.7 12.2 5.0
Level of Service D D B B A
Approach Delay (s) 46.0 13.7 7.1
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 190 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3282 1752 3438 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.60 1.00 0.67 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1117 3282 1227 3438 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 200 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 362
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 200 301
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 10% 0% 3% 5% 2%
Turn Type Perm Perm Prot pm+pt Perm pm+pt Perm
Protected Phases 8 7 4 5 2 1 6
Permitted Phases 8 8 2 2 2 6 6
Actuated Green, G (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Effective Green, g (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.54 0.47 0.50 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 521 1057 646 1557 637 1562 719
v/s Ratio Prot c0.04 c0.10 0.04 c0.01 0.04 0.00 0.06
v/s Ratio Perm 0.00 0.05 0.02 c0.19
v/c Ratio 0.43 0.01 0.63 0.12 0.10 0.09 0.05 0.13 0.42
Uniform Delay, d1 37.8 36.1 35.7 22.1 9.9 13.0 11.5 14.2 16.5
Progression Factor 1.00 0.97 0.92 0.82 1.18 1.18 0.36 0.34 3.09
Incremental Delay, d2 0.8 0.0 2.2 0.0 0.1 0.1 0.0 0.1 1.1
Delay (s) 38.4 35.0 35.1 18.2 11.8 15.5 4.1 5.0 52.3
Level of Service D C D B B B A A D
Approach Delay (s) 38.0 29.6 14.3 40.0
Approach LOS D C B D

Intersection Summary
HCM Average Control Delay 34.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 40 0 40 30 10 180 0 5 110 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 42 0 42 32 11 189 0 5 116 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 100 74 200 126
Volume Left (vph) 5 0 11 5
Volume Right (vph) 42 32 0 5
Hadj (s) -0.20 -0.21 0.04 0.01
Departure Headway (s) 4.6 4.6 4.5 4.6
Degree Utilization, x 0.13 0.09 0.25 0.16
Capacity (veh/h) 726 719 764 744
Control Delay (s) 8.2 8.1 9.0 8.4
Approach Delay (s) 8.2 8.1 9.0 8.4
Approach LOS A A A A

Intersection Summary
Delay 8.6
HCM Level of Service A
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 160 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 168 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 458 442 232 442 437 184 242 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 458 442 232 442 437 184 242 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 467 511 813 508 511 863 1336 1384

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 200 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 496 525 1336 1384
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.4 13.1 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.4 13.1 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 30 20 5 20 50 10 5 180 30 5 210 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 21 5 21 53 11 5 189 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 63 26 318 192 24 313 189 58
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 63 26 318 192 24 313 189 58
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 98 99 99 72 97 99 68 98
cM capacity (veh/h) 1533 1601 457 679 1050 478 682 1014

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 58 84 226 247
Volume Left 32 21 5 5
Volume Right 5 11 32 21
cSH 1533 1601 706 695
Volume to Capacity 0.02 0.01 0.32 0.36
Queue Length 95th (ft) 2 1 35 40
Control Delay (s) 4.1 1.9 12.5 13.0
Lane LOS A A B B
Approach Delay (s) 4.1 1.9 12.5 13.0
Approach LOS B B

Intersection Summary
Average Delay 10.5
Intersection Capacity Utilization 27.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 120 110 170 120 100 170 980 280 140 950 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.93 1.00 0.93 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1729 1770 1736 1770 3395 1770 3450
Flt Permitted 0.36 1.00 0.35 1.00 0.21 1.00 0.12 1.00
Satd. Flow (perm) 667 1729 647 1736 384 3395 217 3450
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 126 116 179 126 105 179 1032 295 147 1000 126
RTOR Reduction (vph) 0 38 0 0 0 0 0 29 0 0 10 0
Lane Group Flow (vph) 137 204 0 179 231 0 179 1298 0 147 1116 0
Heavy Vehicles (%) 2% 2% 2% 2% 2% 2% 2% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 14.2 22.9 15.8 41.3 41.3 41.7 41.7
Effective Green, g (s) 19.7 14.2 22.9 15.8 41.3 41.3 41.7 41.7
Actuated g/C Ratio 0.22 0.16 0.25 0.18 0.46 0.46 0.46 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 213 273 253 305 284 1558 228 1599
v/s Ratio Prot 0.04 0.12 c0.06 c0.13 0.05 c0.38 0.05 c0.32
v/s Ratio Perm 0.10 0.12 0.24 0.25
v/c Ratio 0.64 0.75 0.71 0.76 0.63 0.83 0.64 0.70
Uniform Delay, d1 35.9 36.2 34.5 35.3 25.6 21.3 19.7 19.2
Progression Factor 1.00 1.00 1.00 1.00 0.55 0.44 1.49 0.38
Incremental Delay, d2 6.5 10.6 8.7 10.3 1.2 1.5 3.8 1.6
Delay (s) 42.5 46.8 43.2 45.5 15.2 10.9 33.2 8.9
Level of Service D D D D B B C A
Approach Delay (s) 45.2 44.5 11.4 11.7
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 18.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 82.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 130 5 70 160 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 137 5 74 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 645 561 139 692 563 168 168 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 645 561 139 692 563 168 168 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 66 93 100 68 98 96 95
cM capacity (veh/h) 268 399 909 231 398 881 1409 1447

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 195 242
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 475 431 1409 1447
Volume to Capacity 0.43 0.34 0.04 0.05
Queue Length 95th (ft) 54 37 3 4
Control Delay (s) 18.2 17.6 2.3 2.6
Lane LOS C C A A
Approach Delay (s) 18.2 17.6 2.3 2.6
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 120 5 0 160 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 126 5 0 168 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 313 311 179 313 318 129 189 132
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 313 311 179 313 318 129 189 132
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 92 98 100 98 98 100 100 100
cM capacity (veh/h) 631 607 869 635 601 926 1397 1466

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 132 189
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 627 618 1397 1466
Volume to Capacity 0.10 0.03 0.00 0.00
Queue Length 95th (ft) 8 3 0 0
Control Delay (s) 11.4 11.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.4 11.0 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 21.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 35 195 5 100 100
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 37 205 5 105 105
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 524 208 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 524 208 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 96 92
cM capacity (veh/h) 477 830 1360

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 42 211 211
Volume Left 5 0 105
Volume Right 37 5 0
cSH 760 1700 1360
Volume to Capacity 0.06 0.12 0.08
Queue Length 95th (ft) 4 0 6
Control Delay (s) 10.0 0.0 4.3
Lane LOS B A
Approach Delay (s) 10.0 0.0 4.3
Approach LOS B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 34.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 40 0 30 60 10 5 10 10 10 70 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 42 0 32 63 11 5 11 11 11 74 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 74 42 226 189 42 200 184 68
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 74 42 226 189 42 200 184 68
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 98 99 98 99 99 89 99
cM capacity (veh/h) 1539 1560 658 692 1034 733 695 1000

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 47 105 26 89
Volume Left 5 32 5 11
Volume Right 0 11 11 5
cSH 1539 1560 788 712
Volume to Capacity 0.00 0.02 0.03 0.13
Queue Length 95th (ft) 0 2 3 11
Control Delay (s) 0.8 2.3 9.7 10.8
Lane LOS A A A B
Approach Delay (s) 0.8 2.3 9.7 10.8
Approach LOS A B

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 23.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 30 250 270 30 290 230 1430 250 240 1080 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3610 1770 3689 1524
Flt Permitted 0.34 1.00 1.00 0.61 1.00 0.14 1.00 0.09 1.00 1.00
Satd. Flow (perm) 626 1845 1583 1132 1608 264 3610 175 3689 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 95 33 263 293 33 315 242 1505 272 261 1137 105
RTOR Reduction (vph) 0 0 197 0 176 0 0 17 0 0 0 55
Lane Group Flow (vph) 95 33 66 293 172 0 242 1760 0 261 1137 50
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 3% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 13.9 11.9 11.9 21.9 14.9 52.6 42.0 53.6 42.5 42.5
Effective Green, g (s) 13.9 11.9 11.9 21.9 14.9 52.6 42.0 53.6 42.5 42.5
Actuated g/C Ratio 0.15 0.13 0.13 0.24 0.17 0.58 0.47 0.60 0.47 0.47
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 122 244 209 329 266 332 1685 301 1742 720
v/s Ratio Prot 0.02 0.02 c0.07 0.11 0.09 c0.49 c0.11 0.31
v/s Ratio Perm 0.10 0.04 c0.14 0.34 0.41 0.03
v/c Ratio 0.78 0.14 0.32 0.89 0.65 0.73 1.04 0.87 0.65 0.07
Uniform Delay, d1 38.1 34.5 35.4 32.4 35.1 12.8 24.0 24.8 18.1 13.0
Progression Factor 1.01 1.01 1.03 1.00 1.00 1.27 0.75 1.23 0.75 0.93
Incremental Delay, d2 26.2 0.3 0.9 24.5 5.3 5.5 31.4 18.5 0.7 0.0
Delay (s) 64.8 35.2 37.4 56.9 40.4 21.8 49.3 49.1 14.4 12.0
Level of Service E D D E D C D D B B
Approach Delay (s) 43.9 47.9 46.0 20.2
Approach LOS D D D C

Intersection Summary
HCM Average Control Delay 37.6 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.5
Intersection Capacity Utilization 99.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 430 0 1180 20 720 0 0 1210 380
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1475 1475 1641 3725 3557
Flt Permitted 0.95 1.00 1.00 0.16 1.00 1.00
Satd. Flow (perm) 1752 1475 1475 269 3725 3557
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 453 0 1242 21 758 0 0 1274 400
RTOR Reduction (vph) 0 0 0 0 344 13 0 0 0 0 30 0
Lane Group Flow (vph) 0 0 0 453 277 608 21 758 0 0 1644 0
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 10% 2% 0% 0% 3% 3%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 26.1 26.1 51.8 27.9 25.7 49.2
Effective Green, g (s) 26.1 26.1 51.8 27.9 25.7 49.2
Actuated g/C Ratio 0.29 0.29 0.58 0.31 0.29 0.55
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 508 428 890 117 1064 1944
v/s Ratio Prot c0.26 0.19 c0.20 0.00 0.20 c0.46
v/s Ratio Perm 0.22 0.05
v/c Ratio 0.89 0.65 0.68 0.18 0.71 0.85
Uniform Delay, d1 30.6 27.9 13.4 39.5 28.8 17.2
Progression Factor 1.00 1.00 1.00 0.45 0.70 0.91
Incremental Delay, d2 17.7 3.3 2.2 0.5 2.8 3.5
Delay (s) 48.2 31.3 15.5 18.4 23.1 19.1
Level of Service D C B B C B
Approach Delay (s) 0.0 30.0 23.0 19.1
Approach LOS A C C B

Intersection Summary
HCM Average Control Delay 24.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 190 0 20 0 0 0 0 540 250 760 870 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1709 1961 1568 3367 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1709 1961 1568 3367 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 200 0 21 0 0 0 0 568 263 800 916 0
RTOR Reduction (vph) 0 4 0 0 0 0 0 0 158 0 0 0
Lane Group Flow (vph) 0 217 0 0 0 0 0 568 105 800 916 0
Heavy Vehicles (%) 5% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 14.8 35.8 35.8 24.4 65.2
Effective Green, g (s) 14.8 35.8 35.8 24.4 65.2
Actuated g/C Ratio 0.16 0.40 0.40 0.27 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 281 780 624 913 2699
v/s Ratio Prot c0.13 c0.29 c0.24 0.25
v/s Ratio Perm 0.07
v/c Ratio 0.77 0.73 0.17 0.88 0.34
Uniform Delay, d1 36.0 23.0 17.5 31.4 4.5
Progression Factor 1.00 0.87 1.02 0.80 0.99
Incremental Delay, d2 12.3 5.3 0.5 5.3 0.2
Delay (s) 48.3 25.2 18.3 30.5 4.7
Level of Service D C B C A
Approach Delay (s) 48.3 0.0 23.1 16.7
Approach LOS D A C B

Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 140 650 20 70 810
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1613 1856 1850
Flt Permitted 0.99 1.00 0.90
Satd. Flow (perm) 1613 1856 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 147 684 21 74 853
RTOR Reduction (vph) 133 0 1 0 0 0
Lane Group Flow (vph) 46 0 704 0 0 927
Heavy Vehicles (%) 3% 4% 2% 0% 6% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 8.4 71.6 71.6
Effective Green, g (s) 8.4 71.6 71.6
Actuated g/C Ratio 0.09 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 151 1477 1330
v/s Ratio Prot c0.03 0.38
v/s Ratio Perm c0.55
v/c Ratio 0.30 0.48 0.70
Uniform Delay, d1 38.1 3.0 4.2
Progression Factor 1.00 0.91 1.40
Incremental Delay, d2 1.1 0.2 2.9
Delay (s) 39.2 3.0 8.8
Level of Service D A A
Approach Delay (s) 39.2 3.0 8.8
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 10 360 20 5 10 120 280 5 180 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1826 1779 1650 1805
Flt Permitted 1.00 0.69 0.99 0.99
Satd. Flow (perm) 1826 1291 1640 1792
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 11 379 21 5 11 126 295 5 189 5
RTOR Reduction (vph) 0 7 0 0 1 0 0 71 0 0 1 0
Lane Group Flow (vph) 0 57 0 0 404 0 0 361 0 0 198 0
Heavy Vehicles (%) 0% 2% 0% 2% 0% 0% 0% 8% 3% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 34.3 34.3 45.7 45.7
Effective Green, g (s) 34.3 34.3 45.7 45.7
Actuated g/C Ratio 0.38 0.38 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 696 492 833 910
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.22 0.11
v/c Ratio 0.08 0.82 0.43 0.22
Uniform Delay, d1 17.8 25.1 14.0 12.3
Progression Factor 1.00 1.05 0.67 0.58
Incremental Delay, d2 0.1 7.8 1.5 0.5
Delay (s) 17.8 34.1 11.0 7.6
Level of Service B C B A
Approach Delay (s) 17.8 34.1 11.0 7.6
Approach LOS B C B A

Intersection Summary
HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1713
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1755 1583 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 84
RTOR Reduction (vph) 12 0 0 0 24 0
Lane Group Flow (vph) 472 0 0 579 218 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.4 65.4 16.6
Effective Green, g (s) 65.4 65.4 16.6
Actuated g/C Ratio 0.73 0.73 0.18
Clearance Time (s) 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1275 1150 316
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.37 0.50 0.69
Uniform Delay, d1 4.6 5.3 34.3
Progression Factor 1.00 0.67 1.00
Incremental Delay, d2 0.8 1.4 6.4
Delay (s) 5.4 4.9 40.7
Level of Service A A D
Approach Delay (s) 5.4 4.9 40.7
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 340 400 90 100 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 358 421 95 105 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 847 468
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 847 468
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 68 98
cM capacity (veh/h) 1060 329 599

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 368 516 116
Volume Left 11 0 105
Volume Right 0 95 11
cSH 1060 1700 343
Volume to Capacity 0.01 0.30 0.34
Queue Length 95th (ft) 1 0 36
Control Delay (s) 0.3 0.0 20.8
Lane LOS A C
Approach Delay (s) 0.3 0.0 20.8
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 170 20 30 260 290 20 120 30 420 200 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99 0.95 1.00 1.00
Satd. Flow (prot) 1805 1837 1752 1863 1583 1796 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.95 0.53 1.00 1.00
Satd. Flow (perm) 1805 1837 1752 1863 1583 1722 996 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 179 21 32 274 305 21 126 32 442 211 53
RTOR Reduction (vph) 0 5 0 0 0 238 0 7 0 0 0 22
Lane Group Flow (vph) 21 195 0 32 274 67 0 172 0 442 211 31
Heavy Vehicles (%) 0% 2% 0% 3% 2% 2% 0% 3% 3% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 2.4 18.1 4.1 19.8 19.8 30.6 52.8 52.8 52.8
Effective Green, g (s) 2.4 18.1 4.1 19.8 19.8 30.6 52.8 52.8 52.8
Actuated g/C Ratio 0.03 0.20 0.05 0.22 0.22 0.34 0.59 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 48 369 80 410 348 585 732 1093 929
v/s Ratio Prot 0.01 c0.11 0.02 c0.15 c0.12 0.11
v/s Ratio Perm 0.04 0.10 c0.24 0.02
v/c Ratio 0.44 0.53 0.40 0.67 0.19 0.29 0.60 0.19 0.03
Uniform Delay, d1 43.1 32.1 41.8 32.1 28.6 21.8 11.1 8.7 7.8
Progression Factor 0.96 0.92 1.00 1.00 1.00 1.00 0.77 0.68 0.76
Incremental Delay, d2 6.3 1.4 3.3 4.1 0.3 1.3 1.0 0.3 0.0
Delay (s) 47.7 30.8 45.0 36.2 28.9 23.0 9.5 6.2 6.0
Level of Service D C D D C C A A A
Approach Delay (s) 32.4 33.0 23.0 8.2
Approach LOS C C C A

Intersection Summary
HCM Average Control Delay 21.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 66.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1530 1350 0 1900 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1611 1421 0 2000 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.61
vC, conflicting volume 3032 2611 805
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3032 2365 805
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 114 19 330

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 805 805 1421 1000 1000
Volume Left 0 0 0 0 0
Volume Right 0 0 1421 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.47 0.47 0.84 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 720 0 770 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 837 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 848 0 1625 842
vC1, stage 1 conf vol 842
vC2, stage 2 conf vol 783
vCu, unblocked vol 848 0 1625 842
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 798 0 320 367

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 0 783 848 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 320
Volume to Capacity 0.00 0.46 0.50 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.1
Lane LOS C
Approach Delay (s) 0.0 0.0 21.1
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1770 1863 1805 1583
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 1798 410 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 8 0 0 0 0 0 0 0 0 0 598
Lane Group Flow (vph) 0 872 0 152 207 0 0 0 0 11 0 54
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.4 77.5 77.5 7.5 7.5
Effective Green, g (s) 65.4 77.5 77.5 7.5 7.5
Actuated g/C Ratio 0.73 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1307 498 1604 150 132
v/s Ratio Prot c0.48 c0.03 0.11 0.01
v/s Ratio Perm 0.23 c0.03
v/c Ratio 0.67 0.31 0.13 0.07 0.41
Uniform Delay, d1 6.5 5.0 1.0 38.0 39.2
Progression Factor 0.95 6.48 0.11 1.00 1.00
Incremental Delay, d2 2.7 0.3 0.0 0.2 2.1
Delay (s) 8.9 32.8 0.1 38.3 41.2
Level of Service A C A D D
Approach Delay (s) 8.9 14.0 0.0 41.2
Approach LOS A B A D

Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1848 1770 1583
Flt Permitted 0.46 1.00 1.00 0.95 1.00
Satd. Flow (perm) 852 1863 1848 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 50 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 4 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 72.9 72.9 34.1 7.1 7.1
Effective Green, g (s) 72.9 72.9 34.1 7.1 7.1
Actuated g/C Ratio 0.81 0.81 0.38 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1035 1509 700 140 125
v/s Ratio Prot c0.20 0.07 0.18
v/s Ratio Perm c0.23 c0.03 0.00
v/c Ratio 0.52 0.09 0.46 0.39 0.03
Uniform Delay, d1 6.9 1.7 21.0 39.4 38.3
Progression Factor 0.41 0.31 0.33 1.00 1.00
Incremental Delay, d2 0.4 0.1 0.4 1.8 0.1
Delay (s) 3.2 0.6 7.3 41.1 38.4
Level of Service A A A D D
Approach Delay (s) 2.7 7.3 39.8 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 7.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner No-Action - (Improved)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 290 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 315 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 505 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 505 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 528 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 321 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 607
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.1
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.1
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 640 10 10 10 380 250 10 20 220 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.92 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1677 1805 1850 1770 3521 1805 3389
Flt Permitted 0.74 1.00 0.23 1.00 0.58 1.00 0.58 1.00
Satd. Flow (perm) 1357 1677 442 1850 1075 3521 1108 3389
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 674 11 11 11 400 263 11 21 232 53
RTOR Reduction (vph) 0 485 0 0 9 0 0 2 0 0 14 0
Lane Group Flow (vph) 74 210 0 11 13 0 400 272 0 21 271 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 2% 0% 0% 3% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.2 17.2 17.2 17.2 62.8 52.8 51.6 46.6
Effective Green, g (s) 17.2 17.2 17.2 17.2 62.8 52.8 51.6 46.6
Actuated g/C Ratio 0.19 0.19 0.19 0.19 0.70 0.59 0.57 0.52
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 259 320 84 354 837 2066 674 1755
v/s Ratio Prot c0.13 0.01 c0.06 0.08 0.00 0.08
v/s Ratio Perm 0.05 0.02 c0.27 0.02
v/c Ratio 0.29 0.66 0.13 0.04 0.48 0.13 0.03 0.15
Uniform Delay, d1 31.1 33.7 30.2 29.7 6.5 8.3 8.4 11.4
Progression Factor 1.00 1.00 1.00 1.00 0.80 0.42 1.00 1.00
Incremental Delay, d2 0.6 4.8 0.7 0.0 0.4 0.1 0.0 0.2
Delay (s) 31.8 38.4 30.9 29.7 5.7 3.6 8.4 11.6
Level of Service C D C C A A A B
Approach Delay (s) 37.8 30.1 4.8 11.3
Approach LOS D C A B

Intersection Summary
HCM Average Control Delay 20.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 830 60 180 420 250 70 1000 310 380 830 150
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3619 1583 1687 3519 1553 1752 3689 1553 3400 3435
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 792 3619 1583 282 3519 1553 1752 3689 1553 3400 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 874 63 189 442 263 74 1053 326 400 874 158
RTOR Reduction (vph) 0 0 39 0 0 189 0 0 117 0 16 0
Lane Group Flow (vph) 147 874 24 189 442 74 74 1053 209 400 1016 0
Heavy Vehicles (%) 3% 5% 2% 7% 8% 4% 3% 3% 4% 3% 3% 1%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.4 24.8 24.8 32.2 25.2 25.2 5.9 29.7 29.7 11.8 35.6
Effective Green, g (s) 31.4 24.8 24.8 32.2 25.2 25.2 5.9 29.7 29.7 11.8 35.6
Actuated g/C Ratio 0.35 0.28 0.28 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 347 997 436 210 985 435 115 1217 512 446 1359
v/s Ratio Prot 0.03 0.24 c0.07 0.13 0.04 c0.29 c0.12 0.30
v/s Ratio Perm 0.12 0.02 c0.25 0.05 0.13
v/c Ratio 0.42 0.88 0.05 0.90 0.45 0.17 0.64 0.87 0.41 0.90 0.75
Uniform Delay, d1 20.9 31.1 24.0 23.5 26.7 24.5 41.0 28.3 23.3 38.5 23.3
Progression Factor 0.61 0.70 0.57 1.35 1.05 2.65 0.73 0.58 0.24 1.00 1.00
Incremental Delay, d2 0.8 10.1 0.2 34.7 1.4 0.8 8.1 4.6 0.4 20.2 2.3
Delay (s) 13.6 31.9 13.9 66.5 29.5 65.7 38.2 21.1 5.9 58.7 25.6
Level of Service B C B E C E D C A E C
Approach Delay (s) 28.4 48.0 18.6 34.9
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 85.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1510 10 10 800 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3436 3339 1805 1651 1770 1610
Flt Permitted 0.94 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3215 3101 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1589 11 11 842 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1621 0 0 942 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 5% 0% 0% 7% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2483 2395 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.50 0.30 0.01 c0.09
v/c Ratio 0.65 0.39 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.7 3.4 34.5 34.6 37.4 34.6
Progression Factor 0.69 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 4.1 3.7 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 4.1 3.7 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 76.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1670 10 10 850 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3464 3339 1805 1548 1770 1612
Flt Permitted 0.90 0.92 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3135 3085 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1758 11 11 895 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 5 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1811 0 0 964 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 4% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 71.0 71.0 10.0 10.0 10.0 10.0
Effective Green, g (s) 71.0 71.0 10.0 10.0 10.0 10.0
Actuated g/C Ratio 0.79 0.79 0.11 0.11 0.11 0.11
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2473 2434 155 172 153 179
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.58 0.31 0.00 c0.08
v/c Ratio 0.73 0.40 0.03 0.04 0.69 0.05
Uniform Delay, d1 4.7 2.9 35.7 35.7 38.5 35.7
Progression Factor 0.33 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.1 12.0 0.1
Delay (s) 3.2 3.0 35.8 35.8 50.5 35.9
Level of Service A A D D D D
Approach Delay (s) 3.2 3.0 35.8 46.7
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.9% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 1430 200 150 690 590 140 620 270 1160 530 110
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3654 1568 1770 3519 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.21 1.00 1.00 0.10 1.00 1.00 0.44 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 386 3654 1568 188 3519 1583 825 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 1505 211 158 726 621 147 653 284 1221 558 116
RTOR Reduction (vph) 0 0 56 0 0 340 0 0 81 0 0 79
Lane Group Flow (vph) 189 1505 155 158 726 281 147 653 203 1221 558 37
Heavy Vehicles (%) 5% 4% 3% 2% 8% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 52.4 43.0 43.0 45.6 39.6 39.6 26.7 16.5 16.5 31.5 37.8 37.8
Effective Green, g (s) 52.4 43.0 43.0 45.6 39.6 39.6 26.7 16.5 16.5 31.5 37.8 37.8
Actuated g/C Ratio 0.44 0.36 0.36 0.38 0.33 0.33 0.22 0.14 0.14 0.26 0.32 0.32
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 273 1309 562 151 1161 522 264 512 214 901 1115 489
v/s Ratio Prot 0.05 c0.41 c0.05 0.21 0.05 c0.18 0.13 c0.36 0.16
v/s Ratio Perm 0.25 0.10 0.35 0.18 0.08 0.02
v/c Ratio 0.69 1.15 0.28 1.05 0.63 0.54 0.56 1.28 0.95 1.36 0.50 0.07
Uniform Delay, d1 23.4 38.5 27.4 34.2 33.9 32.7 39.6 51.8 51.3 44.2 33.4 28.8
Progression Factor 1.00 1.00 1.00 1.14 0.89 1.12 0.84 1.04 1.04 1.00 1.00 1.00
Incremental Delay, d2 6.0 76.7 1.2 82.7 2.3 3.6 1.2 136.4 41.6 167.1 0.1 0.0
Delay (s) 29.4 115.2 28.6 121.9 32.5 40.2 34.4 190.0 94.8 211.4 33.6 28.9
Level of Service C F C F C D C F F F C C
Approach Delay (s) 97.1 45.1 144.0 147.8
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 107.8 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 114.4% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 150 10 1870 1000 10 1300
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1615 3654 1583 1805 3585
Flt Permitted 0.95 1.00 1.00 1.00 0.06 1.00
Satd. Flow (perm) 3433 1615 3654 1583 119 3585
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 155 10 1968 1053 11 1368
RTOR Reduction (vph) 0 9 0 123 0 0
Lane Group Flow (vph) 155 1 1968 930 11 1368
Heavy Vehicles (%) 2% 0% 4% 2% 0% 6%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 13.1 13.1 90.7 103.8 96.9 96.9
Effective Green, g (s) 13.1 13.1 90.7 103.8 96.9 96.9
Actuated g/C Ratio 0.11 0.11 0.76 0.86 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 375 176 2762 1435 113 2895
v/s Ratio Prot 0.05 c0.54 c0.07 0.00 c0.38
v/s Ratio Perm 0.00 0.52 0.08
v/c Ratio 0.41 0.01 0.71 0.65 0.10 0.47
Uniform Delay, d1 49.9 47.6 7.8 2.5 9.2 3.6
Progression Factor 1.00 1.00 0.75 15.44 1.25 1.20
Incremental Delay, d2 0.7 0.0 0.1 0.1 0.2 0.1
Delay (s) 50.6 47.7 5.9 38.5 11.7 4.4
Level of Service D D A D B A
Approach Delay (s) 50.4 17.3 4.5
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 14.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 73.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2050 160 670 2100 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3725 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3725 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2158 168 705 2211 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 67 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2158 101 705 2211 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 2% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2136 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.01 0.11 1.07 0.83 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 11.9 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.87 0.76 0.40 1.07 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.8 20.4 0.2 40.3 0.8 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 105.1 39.8 4.9 92.2 12.7 5.0 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F B A F D D D D D
Approach Delay (s) 39.3 31.0 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 37.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.03
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 102.8% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2750 90 330 1450 0 0 0 0 210 0 1370
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3509 203 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2895 95 347 1526 0 0 0 0 221 0 1442
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 8
Lane Group Flow (vph) 0 2988 0 347 1526 0 0 0 0 221 0 1434
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 51.6 51.6 12.0 53.4
Effective Green, g (s) 77.0 51.6 51.6 12.0 53.4
Actuated g/C Ratio 0.64 0.43 0.43 0.10 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2252 289 1602 174 1343
v/s Ratio Prot c0.85 c0.16 0.41 0.13 c0.37
v/s Ratio Perm 0.36 0.15
v/c Ratio 1.33 1.20 0.95 1.27 1.07
Uniform Delay, d1 21.5 35.6 33.0 54.0 33.3
Progression Factor 0.72 0.91 0.88 1.00 1.00
Incremental Delay, d2 148.1 110.7 9.6 158.8 44.8
Delay (s) 163.5 143.0 38.7 212.8 78.1
Level of Service F F D F E
Approach Delay (s) 163.5 58.0 0.0 96.0
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 116.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.25
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 0 0 1610 510 170 0 700 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1475 1475
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1475 1475
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 0 0 1695 537 179 0 737 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 110 0 0 0 0 0 0
Lane Group Flow (vph) 0 1389 0 0 1695 427 179 369 368 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 4% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.6 74.6 74.6 35.4 35.4 35.4
Effective Green, g (s) 74.6 74.6 74.6 35.4 35.4 35.4
Actuated g/C Ratio 0.62 0.62 0.62 0.30 0.30 0.30
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2316 2200 984 498 435 435
v/s Ratio Prot 0.37 c0.48 c0.25
v/s Ratio Perm 0.27 0.11 0.25
v/c Ratio 0.60 0.77 0.43 0.36 0.85 0.85
Uniform Delay, d1 13.7 16.5 11.8 33.4 39.8 39.7
Progression Factor 0.50 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.7 0.3 0.4 14.2 14.1
Delay (s) 6.9 18.2 12.1 33.8 54.0 53.8
Level of Service A B B C D D
Approach Delay (s) 6.9 16.7 50.0 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 320 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 399 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 337 747 253 484 432
RTOR Reduction (vph) 0 298 20 0 0 0
Lane Group Flow (vph) 126 39 980 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 65.1 96.2 96.2
Effective Green, g (s) 13.8 13.8 65.1 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.54 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1834 618 2810
v/s Ratio Prot c0.07 0.29 c0.17 0.12
v/s Ratio Perm 0.02 c0.46
v/c Ratio 0.62 0.21 0.53 0.78 0.15
Uniform Delay, d1 50.6 48.2 17.7 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.86 1.20
Incremental Delay, d2 5.5 0.6 1.1 5.4 0.1
Delay (s) 56.1 48.8 18.8 21.3 3.3
Level of Service E D B C A
Approach Delay (s) 50.7 18.8 12.8
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 250 120 560 250 40 70 140 20 90 70 310
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1538 3400 3458 1736 3312 1615 1752 2935 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1538 3400 3458 1736 3312 1615 1752 2935 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 263 126 589 263 42 74 147 21 95 74 326
RTOR Reduction (vph) 0 0 109 0 15 0 0 0 16 0 0 230
Lane Group Flow (vph) 21 263 17 589 290 0 74 147 5 95 74 96
Heavy Vehicles (%) 0% 2% 5% 3% 1% 10% 4% 9% 0% 3% 23% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 3.1 12.1 12.1 23.7 32.7 7.8 22.7 22.7 11.5 26.4 26.4
Effective Green, g (s) 3.1 12.1 12.1 23.7 32.7 7.8 22.7 22.7 11.5 26.4 26.4
Actuated g/C Ratio 0.03 0.13 0.13 0.26 0.36 0.09 0.25 0.25 0.13 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 476 207 895 1256 150 835 407 224 861 460
v/s Ratio Prot 0.01 c0.07 c0.17 0.08 0.04 0.04 c0.05 0.03
v/s Ratio Perm 0.01 0.00 c0.06
v/c Ratio 0.34 0.55 0.08 0.66 0.23 0.49 0.18 0.01 0.42 0.09 0.21
Uniform Delay, d1 42.4 36.4 34.1 29.5 19.9 39.2 26.3 25.2 36.2 23.1 23.9
Progression Factor 0.96 0.98 0.91 0.95 0.93 0.86 0.80 0.65 1.36 0.66 0.78
Incremental Delay, d2 3.2 1.4 0.2 1.5 0.1 2.3 0.4 0.1 1.1 0.2 0.9
Delay (s) 44.1 37.0 31.2 29.5 18.6 36.0 21.5 16.5 50.2 15.3 19.5
Level of Service D D C C B D C B D B B
Approach Delay (s) 35.6 25.8 25.5 24.8
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 27.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 48.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 5 5 40 5 10 20 5 5 50 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 5 5 42 5 11 21 5 5 53 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 32 53 37 63
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.07 0.00 0.02 0.02
Departure Headway (s) 4.1 4.2 4.2 4.1
Degree Utilization, x 0.04 0.06 0.04 0.07
Capacity (veh/h) 849 842 834 847
Control Delay (s) 7.3 7.4 7.4 7.5
Approach Delay (s) 7.3 7.4 7.4 7.5
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 14.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 0 0 200 80 40
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 0 0 211 84 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 316 105 126
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 316 105 126
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 95 100 100
cM capacity (veh/h) 681 955 1473

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 32 211 126
Volume Left 32 0 0
Volume Right 0 0 42
cSH 681 1473 1700
Volume to Capacity 0.05 0.00 0.07
Queue Length 95th (ft) 4 0 0
Control Delay (s) 10.5 0.0 0.0
Lane LOS B
Approach Delay (s) 10.5 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 20.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 160 230 20 190 170
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 168 242 21 200 179
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 832 253 263
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 832 253 263
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 93 79 85
cM capacity (veh/h) 290 791 1313

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 189 263 379
Volume Left 21 0 200
Volume Right 168 21 0
cSH 664 1700 1313
Volume to Capacity 0.29 0.15 0.15
Queue Length 95th (ft) 29 0 13
Control Delay (s) 12.6 0.0 5.0
Lane LOS B A
Approach Delay (s) 12.6 0.0 5.0
Approach LOS B

Intersection Summary
Average Delay 5.1
Intersection Capacity Utilization 53.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 200 230 110 120 150 1070 210 100 930 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.89 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1658 1770 1717 1787 3424 1770 3483
Flt Permitted 0.51 1.00 0.23 1.00 0.19 1.00 0.11 1.00
Satd. Flow (perm) 949 1658 421 1717 362 3424 205 3483
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 211 242 116 126 158 1126 221 105 979 116
RTOR Reduction (vph) 0 103 0 0 0 0 0 17 0 0 10 0
Lane Group Flow (vph) 126 192 0 242 242 0 158 1330 0 105 1085 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 1% 3% 2% 2% 2% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Effective Green, g (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Actuated g/C Ratio 0.22 0.15 0.31 0.20 0.47 0.47 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 262 252 279 338 266 1613 160 1560
v/s Ratio Prot 0.03 0.12 c0.10 0.14 0.04 c0.39 0.03 c0.31
v/s Ratio Perm 0.07 c0.17 0.24 0.27
v/c Ratio 0.48 0.76 0.87 0.72 0.59 0.82 0.66 0.70
Uniform Delay, d1 29.6 36.6 26.2 33.8 26.8 20.6 20.3 19.9
Progression Factor 1.20 1.15 1.00 1.00 0.77 0.72 0.68 0.81
Incremental Delay, d2 1.4 12.6 23.5 7.0 2.5 3.5 6.9 1.9
Delay (s) 36.8 54.5 49.7 40.8 23.3 18.3 20.7 18.0
Level of Service D D D D C B C B
Approach Delay (s) 49.2 45.3 18.8 18.3
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 25.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 87.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 50 30 190 80 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 53 32 200 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 347 84 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 347 84 84
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 95 98
cM capacity (veh/h) 640 975 1506

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 53 232 84
Volume Left 0 32 0
Volume Right 53 0 0
cSH 975 1506 1700
Volume to Capacity 0.05 0.02 0.05
Queue Length 95th (ft) 4 2 0
Control Delay (s) 8.9 1.2 0.0
Lane LOS A A
Approach Delay (s) 8.9 1.2 0.0
Approach LOS A

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 5 5 200 70 60
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 5 5 211 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 326 105 137
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 326 105 137
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 670 955 1460

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 26 216 137
Volume Left 21 5 0
Volume Right 5 0 63
cSH 712 1460 1700
Volume to Capacity 0.04 0.00 0.08
Queue Length 95th (ft) 3 0 0
Control Delay (s) 10.2 0.2 0.0
Lane LOS B A
Approach Delay (s) 10.2 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 24.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 90 60 50 10 50 60 5 100 30 60 50 90
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 63 53 11 53 63 5 105 32 63 53 95
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 116 116 505 416 89 468 411 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 116 116 505 416 89 468 411 84
tC, single (s) 4.2 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 93 99 99 79 97 84 89 90
cM capacity (veh/h) 1430 1486 377 490 966 388 495 969

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 211 126 142 211
Volume Left 95 11 5 63
Volume Right 53 63 32 95
cSH 1430 1486 544 574
Volume to Capacity 0.07 0.01 0.26 0.37
Queue Length 95th (ft) 5 1 26 42
Control Delay (s) 3.8 0.7 13.9 14.9
Lane LOS A A B B
Approach Delay (s) 3.8 0.7 13.9 14.9
Approach LOS B B

Intersection Summary
Average Delay 8.7
Intersection Capacity Utilization 46.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 30 260 210 30 240 260 980 260 260 1250 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1752 3524 1770 3689 1553
Flt Permitted 0.32 1.00 1.00 0.70 1.00 0.10 1.00 0.10 1.00 1.00
Satd. Flow (perm) 597 1845 1583 1308 1613 192 3524 190 3689 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 84 33 274 228 33 261 274 1032 283 283 1316 95
RTOR Reduction (vph) 0 0 236 0 223 0 0 26 0 0 0 50
Lane Group Flow (vph) 84 33 38 228 71 0 274 1289 0 283 1316 45
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 3% 5% 2% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 16.8 12.6 12.6 20.5 13.2 51.8 38.4 53.4 39.2 39.2
Effective Green, g (s) 16.8 12.6 12.6 20.5 13.2 51.8 38.4 53.4 39.2 39.2
Actuated g/C Ratio 0.19 0.14 0.14 0.23 0.15 0.58 0.43 0.59 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 167 258 222 335 237 343 1504 362 1607 676
v/s Ratio Prot 0.02 0.02 c0.06 0.04 0.12 c0.37 c0.12 0.36
v/s Ratio Perm 0.07 0.02 c0.10 0.34 0.34 0.03
v/c Ratio 0.50 0.13 0.17 0.68 0.30 0.80 0.86 0.78 0.82 0.07
Uniform Delay, d1 31.7 33.9 34.1 31.1 34.3 21.8 23.3 22.2 22.3 14.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.03 0.93 1.30 0.57 0.40
Incremental Delay, d2 2.4 0.2 0.4 5.6 0.7 10.9 5.8 8.5 2.7 0.0
Delay (s) 34.0 34.1 34.5 36.7 35.0 33.4 27.5 37.3 15.4 6.0
Level of Service C C C D C C C D B A
Approach Delay (s) 34.4 35.7 28.5 18.5
Approach LOS C D C B

Intersection Summary
HCM Average Control Delay 25.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 85.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 660 10 830 0 0 1550 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 1434 1434 1805 3689 3663
Flt Permitted 0.95 1.00 1.00 0.10 1.00 1.00
Satd. Flow (perm) 1703 1434 1434 198 3689 3663
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 695 11 874 0 0 1632 179
RTOR Reduction (vph) 0 0 0 0 286 55 0 0 0 0 8 0
Lane Group Flow (vph) 0 0 0 221 62 292 11 874 0 0 1803 0
Heavy Vehicles (%) 0% 0% 0% 6% 0% 7% 0% 3% 0% 0% 2% 4%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 16.0 16.0 38.1 39.4 39.4 60.4
Effective Green, g (s) 16.0 16.0 38.1 39.4 39.4 60.4
Actuated g/C Ratio 0.18 0.18 0.42 0.44 0.44 0.67
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 303 255 647 106 1615 2458
v/s Ratio Prot c0.13 0.04 0.11 0.00 c0.24 c0.49
v/s Ratio Perm 0.09 0.04
v/c Ratio 0.73 0.24 0.45 0.10 0.54 0.73
Uniform Delay, d1 35.0 31.8 18.5 19.6 18.6 9.6
Progression Factor 1.00 1.00 1.00 0.24 0.49 0.49
Incremental Delay, d2 8.5 0.5 0.5 0.1 0.3 1.3
Delay (s) 43.5 32.3 19.0 4.8 9.5 6.0
Level of Service D C B A A A
Approach Delay (s) 0.0 29.9 9.4 6.0
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 370 0 40 0 0 0 0 480 450 1070 690 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1754 1942 1583 3433 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1754 1942 1583 3433 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 389 0 42 0 0 0 0 505 474 1126 726 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 0 348 0 0 0
Lane Group Flow (vph) 0 426 0 0 0 0 0 505 126 1126 726 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 3% 2% 2% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 22.0 24.0 24.0 29.0 58.0
Effective Green, g (s) 22.0 24.0 24.0 29.0 58.0
Actuated g/C Ratio 0.24 0.27 0.27 0.32 0.64
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 429 518 422 1106 2401
v/s Ratio Prot c0.24 c0.26 c0.33 0.19
v/s Ratio Perm 0.08
v/c Ratio 0.99 0.97 0.30 1.02 0.30
Uniform Delay, d1 33.9 32.7 26.3 30.5 7.1
Progression Factor 1.00 0.87 0.99 0.86 0.51
Incremental Delay, d2 41.7 30.4 1.5 27.3 0.2
Delay (s) 75.6 58.8 27.5 53.6 3.8
Level of Service E E C D A
Approach Delay (s) 75.6 0.0 43.6 34.1
Approach LOS E A D C

Intersection Summary
HCM Average Control Delay 42.4 HCM Level of Service D
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 80 850 20 100 640
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 0.99
Satd. Flow (prot) 1639 1840 1843
Flt Permitted 0.99 1.00 0.77
Satd. Flow (perm) 1639 1840 1425
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 84 895 21 105 674
RTOR Reduction (vph) 78 0 1 0 0 0
Lane Group Flow (vph) 27 0 915 0 0 779
Heavy Vehicles (%) 0% 3% 3% 0% 5% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 6.4 73.6 73.6
Effective Green, g (s) 6.4 73.6 73.6
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1505 1165
v/s Ratio Prot c0.02 0.50
v/s Ratio Perm c0.55
v/c Ratio 0.23 0.61 0.67
Uniform Delay, d1 39.5 3.0 3.3
Progression Factor 1.00 0.78 0.98
Incremental Delay, d2 1.0 0.6 2.9
Delay (s) 40.5 3.0 6.2
Level of Service D A A
Approach Delay (s) 40.5 3.0 6.2
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 6.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 103.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 40 5 270 70 10 5 190 370 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1866 1764 1665 1635
Flt Permitted 0.97 0.74 1.00 0.92
Satd. Flow (perm) 1811 1358 1664 1522
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 42 5 284 74 11 5 200 389 11 63 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 68 0 0 0 0
Lane Group Flow (vph) 0 49 0 0 368 0 0 526 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 4% 1% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 28.4 28.4 51.6 51.6
Effective Green, g (s) 28.4 28.4 51.6 51.6
Actuated g/C Ratio 0.32 0.32 0.57 0.57
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 571 429 954 873
v/s Ratio Prot
v/s Ratio Perm 0.03 c0.27 c0.32 0.05
v/c Ratio 0.09 0.86 0.55 0.08
Uniform Delay, d1 21.7 28.9 12.0 8.6
Progression Factor 1.00 0.75 0.69 1.10
Incremental Delay, d2 0.1 12.0 2.0 0.2
Delay (s) 21.7 33.7 10.3 9.7
Level of Service C C B A
Approach Delay (s) 21.7 33.7 10.3 9.7
Approach LOS C C B A

Intersection Summary
HCM Average Control Delay 18.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 90 250 110 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1782 1676
Flt Permitted 1.00 0.74 0.97
Satd. Flow (perm) 1778 1340 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 95 263 116 95
RTOR Reduction (vph) 8 0 0 0 36 0
Lane Group Flow (vph) 634 0 0 358 175 0
Heavy Vehicles (%) 4% 3% 3% 6% 5% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.5 65.5 14.5
Effective Green, g (s) 65.5 65.5 14.5
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1294 975 270
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.27
v/c Ratio 0.49 0.37 0.65
Uniform Delay, d1 5.2 4.6 35.4
Progression Factor 1.00 0.28 1.00
Incremental Delay, d2 1.3 0.9 5.3
Delay (s) 6.5 2.1 40.6
Level of Service A A D
Approach Delay (s) 6.5 2.1 40.6
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 420 360 130 120 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 442 379 137 126 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 900 447
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 900 447
tC, single (s) 4.5 7.4 6.6
tC, 2 stage (s)
tF (s) 2.6 4.4 3.7
p0 queue free % 99 40 98
cM capacity (veh/h) 882 211 539

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 447 516 137
Volume Left 5 0 126
Volume Right 0 137 11
cSH 882 1700 221
Volume to Capacity 0.01 0.30 0.62
Queue Length 95th (ft) 0 0 91
Control Delay (s) 0.2 0.0 44.5
Lane LOS A E
Approach Delay (s) 0.2 0.0 44.5
Approach LOS E

Intersection Summary
Average Delay 5.6
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 170 10 30 150 450 10 260 20 290 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1783 1752 1845 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1783 1752 1845 1583 1818 841 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 179 11 32 158 474 11 274 21 305 95 53
RTOR Reduction (vph) 0 3 0 0 0 394 0 2 0 0 0 20
Lane Group Flow (vph) 42 187 0 32 158 80 0 304 0 305 95 33
Heavy Vehicles (%) 3% 6% 0% 3% 3% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.4 14.7 4.9 15.2 15.2 38.0 55.4 55.4 55.4
Effective Green, g (s) 4.4 14.7 4.9 15.2 15.2 38.0 55.4 55.4 55.4
Actuated g/C Ratio 0.05 0.16 0.05 0.17 0.17 0.42 0.62 0.62 0.62
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 86 291 95 312 267 768 646 1147 974
v/s Ratio Prot 0.02 c0.11 0.02 c0.09 c0.07 0.05
v/s Ratio Perm 0.05 0.17 c0.23 0.02
v/c Ratio 0.49 0.64 0.34 0.51 0.30 0.40 0.47 0.08 0.03
Uniform Delay, d1 41.7 35.2 41.0 34.0 32.7 18.0 9.3 7.0 6.8
Progression Factor 0.92 1.03 1.00 1.00 1.00 1.00 1.55 1.42 2.31
Incremental Delay, d2 4.3 4.8 2.1 1.3 0.6 1.5 0.4 0.1 0.0
Delay (s) 42.7 40.9 43.1 35.3 33.4 19.6 14.8 10.1 15.7
Level of Service D D D D C B B B B
Approach Delay (s) 41.3 34.3 19.6 13.9
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 27.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 61.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1330 1630 0 1780 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1400 1716 0 1874 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.62
vC, conflicting volume 3116 2337 700
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3116 1922 700
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 105 37 386

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 700 700 1716 937 937
Volume Left 0 0 0 0 0
Volume Right 0 0 1716 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.01 0.55 0.55
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 790 0 740 130 100 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 859 0 804 141 109 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 1.00 0.00 1.00 1.00
vC, conflicting volume 946 0 1755 875
vC1, stage 1 conf vol 875
vC2, stage 2 conf vol 880
vCu, unblocked vol 944 0 1756 873
tC, single (s) 4.1 0.0 6.9 6.2
tC, 2 stage (s) 5.9
tF (s) 2.2 0.0 4.0 3.3
p0 queue free % 99 0 55 97
cM capacity (veh/h) 733 0 240 351

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 859 946 0 120
Volume Left 11 0 0 0 109
Volume Right 0 0 141 0 11
cSH 733 1700 1700 1700 247
Volume to Capacity 0.01 0.51 0.56 0.00 0.48
Queue Length 95th (ft) 1 0 0 0 61
Control Delay (s) 10.0 0.0 0.0 0.0 32.5
Lane LOS A D
Approach Delay (s) 0.1 0.0 32.5
Approach LOS D

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 59.7% ICU Level of Service B
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 830 70 50 300 0 0 0 0 10 0 570
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1566 1770 1827 1805 1346
Flt Permitted 1.00 0.18 1.00 0.95 1.00
Satd. Flow (perm) 1566 332 1827 1805 1346
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 902 76 54 326 0 0 0 0 11 0 620
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 586
Lane Group Flow (vph) 0 976 0 54 326 0 0 0 0 11 0 34
Heavy Vehicles (%) 0% 21% 9% 2% 4% 0% 0% 0% 0% 0% 0% 20%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.2 75.0 75.0 5.0 5.0
Effective Green, g (s) 65.2 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.72 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1134 353 1523 100 75
v/s Ratio Prot c0.62 0.01 c0.18 0.01
v/s Ratio Perm 0.12 c0.03
v/c Ratio 0.86 0.15 0.21 0.11 0.46
Uniform Delay, d1 9.1 6.6 1.5 40.4 41.2
Progression Factor 0.71 1.87 1.94 1.00 1.00
Incremental Delay, d2 8.5 0.2 0.1 0.5 4.4
Delay (s) 14.9 12.6 3.0 40.9 45.6
Level of Service B B A D D
Approach Delay (s) 14.9 4.4 0.0 45.5
Approach LOS B A A D

Intersection Summary
HCM Average Control Delay 22.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 74.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 750 90 0 0 140 20 210 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1467 1759 1805 1752 1583
Flt Permitted 0.43 1.00 1.00 0.95 1.00
Satd. Flow (perm) 671 1759 1805 1752 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 815 98 0 0 152 22 228 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 6 0 0 0 82 0 0 0
Lane Group Flow (vph) 815 98 0 0 168 0 228 0 16 0 0 0
Heavy Vehicles (%) 23% 8% 0% 0% 4% 0% 3% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 64.9 64.9 18.3 15.1 15.1
Effective Green, g (s) 64.9 64.9 18.3 15.1 15.1
Actuated g/C Ratio 0.72 0.72 0.20 0.17 0.17
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 852 1268 367 294 266
v/s Ratio Prot c0.44 0.06 0.09
v/s Ratio Perm c0.25 c0.13 0.01
v/c Ratio 0.96 0.08 0.46 0.78 0.06
Uniform Delay, d1 11.9 3.7 31.5 35.8 31.5
Progression Factor 0.44 0.12 0.53 1.00 1.00
Incremental Delay, d2 13.2 0.1 0.9 12.1 0.1
Delay (s) 18.4 0.5 17.7 47.9 31.6
Level of Service B A B D C
Approach Delay (s) 16.5 17.7 43.0 0.0
Approach LOS B B D A

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 150 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 163 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 353 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 353 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 646 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 168 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 706
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.2
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.2
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 21.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 110 20 10 5 60 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 120 22 11 5 65 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 274 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 274 14
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 90 87 84
cM capacity (veh/h) 1143 491 841

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 141 16 65 130
Volume Left 120 0 65 0
Volume Right 0 5 0 130
cSH 1143 1700 491 841
Volume to Capacity 0.10 0.01 0.13 0.16
Queue Length 95th (ft) 9 0 11 14
Control Delay (s) 7.3 0.0 13.5 10.1
Lane LOS A B B
Approach Delay (s) 7.3 0.0 11.2
Approach LOS B

Intersection Summary
Average Delay 9.1
Intersection Capacity Utilization 23.8% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 60 50 60 190 140 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 65 54 65 207 152 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 179 207
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 179 207
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 87 94 95
cM capacity (veh/h) 498 869 1377

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 65 54 272 207
Volume Left 65 0 65 0
Volume Right 0 54 0 54
cSH 498 869 1377 1700
Volume to Capacity 0.13 0.06 0.05 0.12
Queue Length 95th (ft) 11 5 4 0
Control Delay (s) 13.3 9.4 2.2 0.0
Lane LOS B A A
Approach Delay (s) 11.5 2.2 0.0
Approach LOS B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 37.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 10 20 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 76 11 22 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 33 120 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 33 120 22
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 96 99
cM capacity (veh/h) 1592 875 1061

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 87 33 38
Volume Left 11 0 33
Volume Right 0 22 5
cSH 1592 1700 897
Volume to Capacity 0.01 0.02 0.04
Queue Length 95th (ft) 1 0 3
Control Delay (s) 1.0 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 640 10 10 10 380 250 10 20 220 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.93 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1677 1805 1850 1770 3521 1805 3389
Flt Permitted 0.74 1.00 0.23 1.00 0.58 1.00 0.58 1.00
Satd. Flow (perm) 1357 1677 442 1850 1075 3521 1108 3389
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 674 11 11 11 400 263 11 21 232 53
RTOR Reduction (vph) 0 485 0 0 9 0 0 2 0 0 14 0
Lane Group Flow (vph) 74 210 0 11 13 0 400 272 0 21 271 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 2% 0% 0% 3% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.2 17.2 17.2 17.2 62.8 52.8 51.6 46.6
Effective Green, g (s) 17.2 17.2 17.2 17.2 62.8 52.8 51.6 46.6
Actuated g/C Ratio 0.19 0.19 0.19 0.19 0.70 0.59 0.57 0.52
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 259 320 84 354 837 2066 674 1755
v/s Ratio Prot c0.13 0.01 c0.06 0.08 0.00 0.08
v/s Ratio Perm 0.05 0.02 c0.27 0.02
v/c Ratio 0.29 0.66 0.13 0.04 0.48 0.13 0.03 0.15
Uniform Delay, d1 31.1 33.7 30.2 29.7 6.5 8.3 8.4 11.4
Progression Factor 1.00 1.00 1.00 1.00 0.80 0.42 1.00 1.00
Incremental Delay, d2 0.6 4.8 0.7 0.0 0.4 0.1 0.0 0.2
Delay (s) 31.8 38.4 30.9 29.7 5.7 3.6 8.4 11.6
Level of Service C D C C A A A B
Approach Delay (s) 37.8 30.1 4.8 11.3
Approach LOS D C A B

Intersection Summary
HCM Average Control Delay 20.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 830 60 180 420 250 70 1000 310 380 830 150
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3619 1583 1687 3519 1553 1752 3689 1553 3400 3435
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 792 3619 1583 282 3519 1553 1752 3689 1553 3400 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 874 63 189 442 263 74 1053 326 400 874 158
RTOR Reduction (vph) 0 0 39 0 0 189 0 0 117 0 16 0
Lane Group Flow (vph) 147 874 24 189 442 74 74 1053 209 400 1016 0
Heavy Vehicles (%) 3% 5% 2% 7% 8% 4% 3% 3% 4% 3% 3% 1%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.4 24.8 24.8 32.2 25.2 25.2 5.9 29.7 29.7 11.8 35.6
Effective Green, g (s) 31.4 24.8 24.8 32.2 25.2 25.2 5.9 29.7 29.7 11.8 35.6
Actuated g/C Ratio 0.35 0.28 0.28 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 347 997 436 210 985 435 115 1217 512 446 1359
v/s Ratio Prot 0.03 0.24 c0.07 0.13 0.04 c0.29 c0.12 0.30
v/s Ratio Perm 0.12 0.02 c0.25 0.05 0.13
v/c Ratio 0.42 0.88 0.05 0.90 0.45 0.17 0.64 0.87 0.41 0.90 0.75
Uniform Delay, d1 20.9 31.1 24.0 23.5 26.7 24.5 41.0 28.3 23.3 38.5 23.3
Progression Factor 0.61 0.70 0.57 1.35 1.05 2.65 0.74 0.59 0.24 1.00 1.00
Incremental Delay, d2 0.8 10.1 0.2 34.7 1.4 0.8 8.1 4.6 0.4 20.2 2.3
Delay (s) 13.5 31.8 14.0 66.5 29.5 65.7 38.2 21.3 6.0 58.7 25.6
Level of Service B C B E C E D C A E C
Approach Delay (s) 28.3 48.0 18.7 34.9
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 85.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1510 10 10 800 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3436 3339 1805 1651 1770 1610
Flt Permitted 0.94 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3215 3101 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1589 11 11 842 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1621 0 0 942 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 5% 0% 0% 7% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2483 2395 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.50 0.30 0.01 c0.09
v/c Ratio 0.65 0.39 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.7 3.4 34.5 34.6 37.4 34.6
Progression Factor 0.69 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 4.1 3.7 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 4.1 3.7 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 76.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1670 10 10 850 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3464 3339 1805 1548 1770 1612
Flt Permitted 0.90 0.92 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3135 3085 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1758 11 11 895 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 5 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1811 0 0 964 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 4% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 71.0 71.0 10.0 10.0 10.0 10.0
Effective Green, g (s) 71.0 71.0 10.0 10.0 10.0 10.0
Actuated g/C Ratio 0.79 0.79 0.11 0.11 0.11 0.11
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2473 2434 155 172 153 179
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.58 0.31 0.00 c0.08
v/c Ratio 0.73 0.40 0.03 0.04 0.69 0.05
Uniform Delay, d1 4.7 2.9 35.7 35.7 38.5 35.7
Progression Factor 0.33 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.1 12.0 0.1
Delay (s) 3.2 3.0 35.8 35.8 50.5 35.9
Level of Service A A D D D D
Approach Delay (s) 3.2 3.0 35.8 46.7
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.9% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 1430 200 150 690 590 140 620 270 1160 530 110
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3654 1568 1770 3519 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.21 1.00 1.00 0.10 1.00 1.00 0.44 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 386 3654 1568 188 3519 1583 825 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 1505 211 158 726 621 147 653 284 1221 558 116
RTOR Reduction (vph) 0 0 56 0 0 340 0 0 81 0 0 79
Lane Group Flow (vph) 189 1505 155 158 726 281 147 653 203 1221 558 37
Heavy Vehicles (%) 5% 4% 3% 2% 8% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 52.4 43.0 43.0 45.6 39.6 39.6 26.7 16.5 16.5 31.5 37.8 37.8
Effective Green, g (s) 52.4 43.0 43.0 45.6 39.6 39.6 26.7 16.5 16.5 31.5 37.8 37.8
Actuated g/C Ratio 0.44 0.36 0.36 0.38 0.33 0.33 0.22 0.14 0.14 0.26 0.31 0.31
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 273 1309 562 151 1161 522 264 512 214 901 1115 489
v/s Ratio Prot 0.05 c0.41 c0.05 0.21 0.05 c0.18 0.13 c0.36 0.16
v/s Ratio Perm 0.25 0.10 0.35 0.18 0.08 0.02
v/c Ratio 0.69 1.15 0.28 1.05 0.63 0.54 0.56 1.28 0.95 1.36 0.50 0.07
Uniform Delay, d1 23.4 38.5 27.4 34.2 33.9 32.7 39.6 51.8 51.3 44.2 33.4 28.8
Progression Factor 1.00 1.00 1.00 1.14 0.89 1.12 0.90 0.83 0.70 1.00 1.00 1.00
Incremental Delay, d2 6.0 76.7 1.2 82.7 2.3 3.6 1.2 136.3 41.3 167.1 0.1 0.0
Delay (s) 29.4 115.2 28.6 121.9 32.5 40.2 37.0 179.0 77.3 211.4 33.6 28.9
Level of Service C F C F C D D F E F C C
Approach Delay (s) 97.1 45.1 133.1 147.8
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 106.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 114.4% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 150 10 1870 1000 10 1300
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1615 3654 1583 1805 3585
Flt Permitted 0.95 1.00 1.00 1.00 0.06 1.00
Satd. Flow (perm) 3433 1615 3654 1583 119 3585
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 155 10 1968 1053 11 1368
RTOR Reduction (vph) 0 9 0 123 0 0
Lane Group Flow (vph) 155 1 1968 930 11 1368
Heavy Vehicles (%) 2% 0% 4% 2% 0% 6%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 13.1 13.1 90.7 103.8 96.9 96.9
Effective Green, g (s) 13.1 13.1 90.7 103.8 96.9 96.9
Actuated g/C Ratio 0.11 0.11 0.76 0.86 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 375 176 2762 1435 113 2895
v/s Ratio Prot 0.05 c0.54 c0.07 0.00 c0.38
v/s Ratio Perm 0.00 0.52 0.08
v/c Ratio 0.41 0.01 0.71 0.65 0.10 0.47
Uniform Delay, d1 49.9 47.6 7.8 2.5 9.2 3.6
Progression Factor 1.00 1.00 0.75 15.44 1.25 1.20
Incremental Delay, d2 0.7 0.0 0.1 0.1 0.2 0.3
Delay (s) 50.6 47.7 6.0 38.5 11.7 4.6
Level of Service D D A D B A
Approach Delay (s) 50.4 17.3 4.7
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 14.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 73.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2050 160 670 2100 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3725 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3725 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2158 168 705 2211 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 67 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2158 101 705 2211 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 2% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2136 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.01 0.11 1.07 0.83 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 11.9 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.87 0.76 0.40 1.07 1.00 1.01 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.8 20.4 0.2 40.2 0.8 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 105.2 39.8 4.9 91.9 12.7 5.1 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F B A F D D D D D
Approach Delay (s) 39.4 30.9 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 37.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.03
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 102.8% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2750 90 330 1450 0 0 0 0 210 0 1370
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3509 203 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2895 95 347 1526 0 0 0 0 221 0 1442
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2988 0 347 1526 0 0 0 0 221 0 1442
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 51.6 51.6 12.0 53.4
Effective Green, g (s) 77.0 51.6 51.6 12.0 53.4
Actuated g/C Ratio 0.64 0.43 0.43 0.10 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2252 289 1602 174 1343
v/s Ratio Prot c0.85 c0.16 0.41 0.13 c0.37
v/s Ratio Perm 0.36 0.15
v/c Ratio 1.33 1.20 0.95 1.27 1.07
Uniform Delay, d1 21.5 35.6 33.0 54.0 33.3
Progression Factor 0.72 0.91 0.88 1.00 1.00
Incremental Delay, d2 148.1 110.7 9.6 158.8 47.0
Delay (s) 163.5 143.0 38.7 212.8 80.3
Level of Service F F D F F
Approach Delay (s) 163.5 58.0 0.0 97.9
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 116.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.25
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 0 0 1610 510 170 0 700 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1475 1475
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1475 1475
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 0 0 1695 537 179 0 737 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 110 0 0 0 0 0 0
Lane Group Flow (vph) 0 1389 0 0 1695 427 179 369 368 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 4% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.6 74.6 74.6 35.4 35.4 35.4
Effective Green, g (s) 74.6 74.6 74.6 35.4 35.4 35.4
Actuated g/C Ratio 0.62 0.62 0.62 0.29 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2316 2200 984 498 435 435
v/s Ratio Prot 0.37 c0.48 c0.25
v/s Ratio Perm 0.27 0.11 0.25
v/c Ratio 0.60 0.77 0.43 0.36 0.85 0.85
Uniform Delay, d1 13.7 16.5 11.8 33.4 39.8 39.7
Progression Factor 0.50 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.7 0.3 0.4 14.2 14.1
Delay (s) 6.9 18.2 12.1 33.8 54.0 53.8
Level of Service A B B C D D
Approach Delay (s) 6.9 16.7 50.0 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 320 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 396 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 337 747 253 484 432
RTOR Reduction (vph) 0 298 20 0 0 0
Lane Group Flow (vph) 126 39 980 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 64.4 96.2 96.2
Effective Green, g (s) 13.8 13.8 64.4 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.54 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1814 624 2810
v/s Ratio Prot c0.07 0.29 c0.17 0.12
v/s Ratio Perm 0.02 c0.45
v/c Ratio 0.62 0.21 0.54 0.78 0.15
Uniform Delay, d1 50.6 48.2 18.1 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.59 0.78
Incremental Delay, d2 5.5 0.6 1.2 5.1 0.1
Delay (s) 56.1 48.8 19.3 16.1 2.2
Level of Service E D B B A
Approach Delay (s) 50.7 19.3 9.5
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 21.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 250 120 560 250 40 70 140 20 90 70 310
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1538 3400 3458 1736 3312 1615 1752 2935 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1538 3400 3458 1736 3312 1615 1752 2935 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 263 126 589 263 42 74 147 21 95 74 326
RTOR Reduction (vph) 0 0 109 0 15 0 0 0 16 0 0 230
Lane Group Flow (vph) 21 263 17 589 290 0 74 147 5 95 74 96
Heavy Vehicles (%) 0% 2% 5% 3% 1% 10% 4% 9% 0% 3% 23% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 3.1 12.1 12.1 23.7 32.7 7.8 22.7 22.7 11.5 26.4 26.4
Effective Green, g (s) 3.1 12.1 12.1 23.7 32.7 7.8 22.7 22.7 11.5 26.4 26.4
Actuated g/C Ratio 0.03 0.13 0.13 0.26 0.36 0.09 0.25 0.25 0.13 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 476 207 895 1256 150 835 407 224 861 460
v/s Ratio Prot 0.01 c0.07 c0.17 0.08 0.04 0.04 c0.05 0.03
v/s Ratio Perm 0.01 0.00 c0.06
v/c Ratio 0.34 0.55 0.08 0.66 0.23 0.49 0.18 0.01 0.42 0.09 0.21
Uniform Delay, d1 42.4 36.4 34.1 29.5 19.9 39.2 26.3 25.2 36.2 23.1 23.9
Progression Factor 0.96 0.98 0.92 0.95 0.93 0.81 0.81 0.70 1.36 0.66 0.78
Incremental Delay, d2 3.2 1.4 0.2 1.5 0.1 2.3 0.4 0.1 1.1 0.2 0.9
Delay (s) 44.2 37.0 31.6 29.5 18.6 34.0 21.9 17.8 50.2 15.3 19.5
Level of Service D D C C B C C B D B B
Approach Delay (s) 35.7 25.8 25.2 24.8
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 27.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 48.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 5 5 40 5 10 20 5 5 50 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 5 5 42 5 11 21 5 5 53 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 32 53 37 63
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.07 0.00 0.02 0.02
Departure Headway (s) 4.1 4.2 4.2 4.1
Degree Utilization, x 0.04 0.06 0.04 0.07
Capacity (veh/h) 849 842 834 847
Control Delay (s) 7.3 7.4 7.4 7.5
Approach Delay (s) 7.3 7.4 7.4 7.5
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 14.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 160 230 20 190 170
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 168 242 21 200 179
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 832 253 263
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 832 253 263
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 93 79 85
cM capacity (veh/h) 290 791 1313

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 189 263 379
Volume Left 21 0 200
Volume Right 168 21 0
cSH 664 1700 1313
Volume to Capacity 0.29 0.15 0.15
Queue Length 95th (ft) 29 0 13
Control Delay (s) 12.6 0.0 5.0
Lane LOS B A
Approach Delay (s) 12.6 0.0 5.0
Approach LOS B

Intersection Summary
Average Delay 5.1
Intersection Capacity Utilization 53.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 200 230 110 120 150 1070 210 100 930 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.89 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1658 1770 1717 1787 3424 1770 3483
Flt Permitted 0.51 1.00 0.23 1.00 0.19 1.00 0.11 1.00
Satd. Flow (perm) 949 1658 421 1717 362 3424 205 3483
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 211 242 116 126 158 1126 221 105 979 116
RTOR Reduction (vph) 0 103 0 0 0 0 0 17 0 0 10 0
Lane Group Flow (vph) 126 192 0 242 242 0 158 1330 0 105 1085 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 1% 3% 2% 2% 2% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Effective Green, g (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Actuated g/C Ratio 0.22 0.15 0.31 0.20 0.47 0.47 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 262 252 279 338 266 1613 160 1560
v/s Ratio Prot 0.03 0.12 c0.10 0.14 0.04 c0.39 0.03 c0.31
v/s Ratio Perm 0.07 c0.17 0.24 0.27
v/c Ratio 0.48 0.76 0.87 0.72 0.59 0.82 0.66 0.70
Uniform Delay, d1 29.6 36.6 26.2 33.8 26.8 20.6 20.3 19.9
Progression Factor 1.20 1.15 1.00 1.00 0.73 0.68 0.68 0.81
Incremental Delay, d2 1.4 12.6 23.5 7.0 2.5 3.5 6.9 1.9
Delay (s) 36.8 54.5 49.7 40.8 22.1 17.4 20.7 18.0
Level of Service D D D D C B C B
Approach Delay (s) 49.2 45.3 17.9 18.3
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 87.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 50 30 190 80 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 53 32 200 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 347 84 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 347 84 84
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 95 98
cM capacity (veh/h) 640 975 1506

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 53 232 84
Volume Left 0 32 0
Volume Right 53 0 0
cSH 975 1506 1700
Volume to Capacity 0.05 0.02 0.05
Queue Length 95th (ft) 4 2 0
Control Delay (s) 8.9 1.2 0.0
Lane LOS A A
Approach Delay (s) 8.9 1.2 0.0
Approach LOS A

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 5 5 200 70 60
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 5 5 211 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 326 105 137
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 326 105 137
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 670 955 1460

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 26 216 137
Volume Left 21 5 0
Volume Right 5 0 63
cSH 712 1460 1700
Volume to Capacity 0.04 0.00 0.08
Queue Length 95th (ft) 3 0 0
Control Delay (s) 10.2 0.2 0.0
Lane LOS B A
Approach Delay (s) 10.2 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 24.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 90 60 50 10 50 60 5 100 30 60 50 90
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 63 53 11 53 63 5 105 32 63 53 95
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 116 116 505 416 89 468 411 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 116 116 505 416 89 468 411 84
tC, single (s) 4.2 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 93 99 99 79 97 84 89 90
cM capacity (veh/h) 1430 1486 377 490 966 388 495 969

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 211 126 142 211
Volume Left 95 11 5 63
Volume Right 53 63 32 95
cSH 1430 1486 544 574
Volume to Capacity 0.07 0.01 0.26 0.37
Queue Length 95th (ft) 5 1 26 42
Control Delay (s) 3.8 0.7 13.9 14.9
Lane LOS A A B B
Approach Delay (s) 3.8 0.7 13.9 14.9
Approach LOS B B

Intersection Summary
Average Delay 8.7
Intersection Capacity Utilization 46.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 30 260 210 30 240 260 980 260 260 1250 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1752 3524 1770 3689 1553
Flt Permitted 0.32 1.00 1.00 0.70 1.00 0.10 1.00 0.10 1.00 1.00
Satd. Flow (perm) 597 1845 1583 1308 1613 192 3524 190 3689 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 84 33 274 228 33 261 274 1032 283 283 1316 95
RTOR Reduction (vph) 0 0 236 0 223 0 0 26 0 0 0 50
Lane Group Flow (vph) 84 33 38 228 71 0 274 1289 0 283 1316 45
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 3% 5% 2% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 16.8 12.6 12.6 20.5 13.2 51.8 38.4 53.4 39.2 39.2
Effective Green, g (s) 16.8 12.6 12.6 20.5 13.2 51.8 38.4 53.4 39.2 39.2
Actuated g/C Ratio 0.19 0.14 0.14 0.23 0.15 0.58 0.43 0.59 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 167 258 222 335 237 343 1504 362 1607 676
v/s Ratio Prot 0.02 0.02 c0.06 0.04 0.12 c0.37 c0.12 0.36
v/s Ratio Perm 0.07 0.02 c0.10 0.34 0.34 0.03
v/c Ratio 0.50 0.13 0.17 0.68 0.30 0.80 0.86 0.78 0.82 0.07
Uniform Delay, d1 31.7 33.9 34.1 31.1 34.3 21.8 23.3 22.2 22.3 14.8
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.92 1.12 1.29 0.59 0.50
Incremental Delay, d2 2.4 0.2 0.4 5.6 0.7 10.8 5.8 8.5 2.7 0.0
Delay (s) 34.0 34.1 34.5 36.7 35.0 30.9 31.8 37.2 15.9 7.4
Level of Service C C C D C C C D B A
Approach Delay (s) 34.4 35.7 31.7 19.0
Approach LOS C D C B

Intersection Summary
HCM Average Control Delay 27.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 85.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 660 10 830 0 0 1550 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 1434 1434 1805 3689 3663
Flt Permitted 0.95 1.00 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1703 1434 1434 178 3689 3663
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 695 11 874 0 0 1632 179
RTOR Reduction (vph) 0 0 0 0 251 56 0 0 0 0 8 0
Lane Group Flow (vph) 0 0 0 221 97 291 11 874 0 0 1803 0
Heavy Vehicles (%) 0% 0% 0% 6% 0% 7% 0% 3% 0% 0% 2% 4%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 16.2 16.2 34.9 43.7 42.6 60.2
Effective Green, g (s) 16.2 16.2 34.9 43.7 42.6 60.2
Actuated g/C Ratio 0.18 0.18 0.39 0.49 0.47 0.67
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 307 258 596 106 1746 2450
v/s Ratio Prot c0.13 0.07 c0.10 0.00 0.24 c0.49
v/s Ratio Perm 0.10 0.05
v/c Ratio 0.72 0.38 0.49 0.10 0.50 0.74
Uniform Delay, d1 34.8 32.5 20.8 31.8 16.4 9.7
Progression Factor 1.00 1.00 1.00 0.89 0.41 0.48
Incremental Delay, d2 7.9 0.9 0.6 0.1 0.3 1.3
Delay (s) 42.6 33.4 21.4 28.2 6.9 6.0
Level of Service D C C C A A
Approach Delay (s) 0.0 31.1 7.2 6.0
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 12.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 370 0 40 0 0 0 0 480 450 1070 690 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1754 1942 1583 3433 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1754 1942 1583 3433 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 389 0 42 0 0 0 0 505 474 1126 726 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 0 348 0 0 0
Lane Group Flow (vph) 0 426 0 0 0 0 0 505 126 1126 726 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 3% 2% 2% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 22.0 24.0 24.0 29.0 58.0
Effective Green, g (s) 22.0 24.0 24.0 29.0 58.0
Actuated g/C Ratio 0.24 0.27 0.27 0.32 0.64
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 429 518 422 1106 2401
v/s Ratio Prot c0.24 c0.26 c0.33 0.19
v/s Ratio Perm 0.08
v/c Ratio 0.99 0.97 0.30 1.02 0.30
Uniform Delay, d1 33.9 32.7 26.3 30.5 7.1
Progression Factor 1.00 0.86 0.96 0.83 0.50
Incremental Delay, d2 41.7 30.4 1.5 27.3 0.2
Delay (s) 75.6 58.4 26.7 52.6 3.8
Level of Service E E C D A
Approach Delay (s) 75.6 0.0 43.1 33.5
Approach LOS E A D C

Intersection Summary
HCM Average Control Delay 41.9 HCM Level of Service D
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 80 850 20 100 640
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 0.99
Satd. Flow (prot) 1639 1840 1843
Flt Permitted 0.99 1.00 0.77
Satd. Flow (perm) 1639 1840 1425
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 84 895 21 105 674
RTOR Reduction (vph) 78 0 1 0 0 0
Lane Group Flow (vph) 27 0 915 0 0 779
Heavy Vehicles (%) 0% 3% 3% 0% 5% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 6.4 73.6 73.6
Effective Green, g (s) 6.4 73.6 73.6
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1505 1165
v/s Ratio Prot c0.02 0.50
v/s Ratio Perm c0.55
v/c Ratio 0.23 0.61 0.67
Uniform Delay, d1 39.5 3.0 3.3
Progression Factor 1.00 0.78 1.23
Incremental Delay, d2 1.0 0.6 2.9
Delay (s) 40.5 3.0 7.0
Level of Service D A A
Approach Delay (s) 40.5 3.0 7.0
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 6.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 103.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 40 5 270 70 10 5 190 370 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1866 1764 1665 1635
Flt Permitted 0.97 0.74 1.00 0.92
Satd. Flow (perm) 1811 1358 1664 1522
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 42 5 284 74 11 5 200 389 11 63 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 68 0 0 0 0
Lane Group Flow (vph) 0 49 0 0 368 0 0 526 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 4% 1% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 28.4 28.4 51.6 51.6
Effective Green, g (s) 28.4 28.4 51.6 51.6
Actuated g/C Ratio 0.32 0.32 0.57 0.57
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 571 429 954 873
v/s Ratio Prot
v/s Ratio Perm 0.03 c0.27 c0.32 0.05
v/c Ratio 0.09 0.86 0.55 0.08
Uniform Delay, d1 21.7 28.9 12.0 8.6
Progression Factor 1.00 1.00 1.34 1.10
Incremental Delay, d2 0.1 15.4 2.0 0.2
Delay (s) 21.7 44.3 18.1 9.6
Level of Service C D B A
Approach Delay (s) 21.7 44.3 18.1 9.6
Approach LOS C D B A

Intersection Summary
HCM Average Control Delay 26.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 90 250 110 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1782 1676
Flt Permitted 1.00 0.74 0.97
Satd. Flow (perm) 1778 1340 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 95 263 116 95
RTOR Reduction (vph) 8 0 0 0 36 0
Lane Group Flow (vph) 634 0 0 358 175 0
Heavy Vehicles (%) 4% 3% 3% 6% 5% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.5 65.5 14.5
Effective Green, g (s) 65.5 65.5 14.5
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1294 975 270
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.27
v/c Ratio 0.49 0.37 0.65
Uniform Delay, d1 5.2 4.6 35.4
Progression Factor 1.00 2.48 1.00
Incremental Delay, d2 1.3 0.9 5.3
Delay (s) 6.5 12.1 40.6
Level of Service A B D
Approach Delay (s) 6.5 12.1 40.6
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 14.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (vph) 5 420 360 130 120 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.96 0.99
Flt Protected 1.00 1.00 0.96
Satd. Flow (prot) 1854 1474 921
Flt Permitted 1.00 1.00 0.96
Satd. Flow (perm) 1846 1474 921
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 442 379 137 126 11
RTOR Reduction (vph) 0 0 18 0 6 0
Lane Group Flow (vph) 0 447 498 0 131 0
Heavy Vehicles (%) 40% 2% 2% 86% 100% 40%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 29.8 29.8 10.0
Effective Green, g (s) 29.8 29.8 10.0
Actuated g/C Ratio 0.60 0.60 0.20
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1105 882 185
v/s Ratio Prot c0.34 c0.14
v/s Ratio Perm 0.24
v/c Ratio 0.40 0.56 0.71
Uniform Delay, d1 5.3 6.1 18.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.8 12.1
Delay (s) 5.5 6.9 30.6
Level of Service A A C
Approach Delay (s) 5.5 6.9 30.6
Approach LOS A A C

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 49.8 Sum of lost time (s) 10.0
Intersection Capacity Utilization 42.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 170 10 30 150 450 10 260 20 290 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1783 1752 1845 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1783 1752 1845 1583 1818 841 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 179 11 32 158 474 11 274 21 305 95 53
RTOR Reduction (vph) 0 3 0 0 0 394 0 2 0 0 0 20
Lane Group Flow (vph) 42 187 0 32 158 80 0 304 0 305 95 33
Heavy Vehicles (%) 3% 6% 0% 3% 3% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.4 14.7 4.9 15.2 15.2 38.0 55.4 55.4 55.4
Effective Green, g (s) 4.4 14.7 4.9 15.2 15.2 38.0 55.4 55.4 55.4
Actuated g/C Ratio 0.05 0.16 0.05 0.17 0.17 0.42 0.62 0.62 0.62
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 86 291 95 312 267 768 646 1147 974
v/s Ratio Prot 0.02 c0.11 0.02 c0.09 c0.07 0.05
v/s Ratio Perm 0.05 0.17 c0.23 0.02
v/c Ratio 0.49 0.64 0.34 0.51 0.30 0.40 0.47 0.08 0.03
Uniform Delay, d1 41.7 35.2 41.0 34.0 32.7 18.0 9.3 7.0 6.8
Progression Factor 0.92 1.03 1.00 1.00 1.00 1.00 1.46 1.33 2.18
Incremental Delay, d2 4.3 4.8 2.1 1.3 0.6 1.5 0.4 0.1 0.0
Delay (s) 42.9 41.0 43.1 35.3 33.4 19.6 14.0 9.5 14.8
Level of Service D D D D C B B A B
Approach Delay (s) 41.3 34.3 19.6 13.1
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 26.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.48
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 61.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1330 1630 0 1780 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1400 1716 0 1874 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.62
vC, conflicting volume 3116 2337 700
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3116 1922 700
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 105 37 386

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 700 700 1716 937 937
Volume Left 0 0 0 0 0
Volume Right 0 0 1716 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.01 0.55 0.55
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (vph) 10 790 0 740 130 100 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 0.99
Flt Protected 0.95 1.00 1.00 0.96
Satd. Flow (prot) 1805 1624 1621 1234
Flt Permitted 0.22 1.00 1.00 0.96
Satd. Flow (perm) 422 1624 1621 1234
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 11 859 0 804 141 109 11
RTOR Reduction (vph) 0 0 0 6 0 4 0
Lane Group Flow (vph) 11 859 0 939 0 116 0
Heavy Vehicles (%) 0% 17% 2% 17% 1% 50% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 67.2 67.2 67.2 12.8
Effective Green, g (s) 67.2 67.2 67.2 12.8
Actuated g/C Ratio 0.75 0.75 0.75 0.14
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 315 1213 1210 176
v/s Ratio Prot 0.53 c0.58 c0.09
v/s Ratio Perm 0.03
v/c Ratio 0.03 0.71 0.78 0.66
Uniform Delay, d1 3.0 6.1 6.9 36.5
Progression Factor 1.00 1.00 0.84 1.00
Incremental Delay, d2 0.2 3.5 3.6 8.6
Delay (s) 3.2 9.6 9.3 45.1
Level of Service A A A D
Approach Delay (s) 9.6 9.3 45.1
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.76
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 61.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 830 70 50 300 0 0 0 0 10 0 570
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1566 1770 1827 1805 1346
Flt Permitted 1.00 0.18 1.00 0.95 1.00
Satd. Flow (perm) 1566 332 1827 1805 1346
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 902 76 54 326 0 0 0 0 11 0 620
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 586
Lane Group Flow (vph) 0 976 0 54 326 0 0 0 0 11 0 34
Heavy Vehicles (%) 0% 21% 9% 2% 4% 0% 0% 0% 0% 0% 0% 20%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.2 75.0 75.0 5.0 5.0
Effective Green, g (s) 65.2 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.72 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1134 353 1523 100 75
v/s Ratio Prot c0.62 0.01 c0.18 0.01
v/s Ratio Perm 0.12 c0.03
v/c Ratio 0.86 0.15 0.21 0.11 0.46
Uniform Delay, d1 9.1 6.6 1.5 40.4 41.2
Progression Factor 0.96 1.86 1.94 1.00 1.00
Incremental Delay, d2 6.4 0.2 0.1 0.5 4.4
Delay (s) 15.1 12.5 3.0 40.9 45.6
Level of Service B B A D D
Approach Delay (s) 15.1 4.4 0.0 45.5
Approach LOS B A A D

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 74.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 750 90 0 0 140 20 210 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1467 1759 1805 1752 1583
Flt Permitted 0.43 1.00 1.00 0.95 1.00
Satd. Flow (perm) 671 1759 1805 1752 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 815 98 0 0 152 22 228 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 6 0 0 0 82 0 0 0
Lane Group Flow (vph) 815 98 0 0 168 0 228 0 16 0 0 0
Heavy Vehicles (%) 23% 8% 0% 0% 4% 0% 3% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 64.9 64.9 18.3 15.1 15.1
Effective Green, g (s) 64.9 64.9 18.3 15.1 15.1
Actuated g/C Ratio 0.72 0.72 0.20 0.17 0.17
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 852 1268 367 294 266
v/s Ratio Prot c0.44 0.06 0.09
v/s Ratio Perm c0.25 c0.13 0.01
v/c Ratio 0.96 0.08 0.46 0.78 0.06
Uniform Delay, d1 11.9 3.7 31.5 35.8 31.5
Progression Factor 0.57 0.14 0.53 1.00 1.00
Incremental Delay, d2 13.2 0.1 0.9 12.1 0.1
Delay (s) 20.0 0.6 17.7 47.9 31.6
Level of Service C A B D C
Approach Delay (s) 17.9 17.7 43.0 0.0
Approach LOS B B D A

Intersection Summary
HCM Average Control Delay 23.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 150 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 163 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 353 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 353 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 646 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 168 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 706
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.2
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.2
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 21.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 110 20 10 5 60 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 120 22 11 5 65 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 16 274 14
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 16 274 14
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 90 87 84
cM capacity (veh/h) 1143 491 841

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 141 16 65 130
Volume Left 120 0 65 0
Volume Right 0 5 0 130
cSH 1143 1700 491 841
Volume to Capacity 0.10 0.01 0.13 0.16
Queue Length 95th (ft) 9 0 11 14
Control Delay (s) 7.3 0.0 13.5 10.1
Lane LOS A B B
Approach Delay (s) 7.3 0.0 11.2
Approach LOS B

Intersection Summary
Average Delay 9.1
Intersection Capacity Utilization 23.8% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 60 50 60 190 140 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 65 54 65 207 152 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 179 207
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 179 207
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 87 94 95
cM capacity (veh/h) 498 869 1377

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 65 54 272 207
Volume Left 65 0 65 0
Volume Right 0 54 0 54
cSH 498 869 1377 1700
Volume to Capacity 0.13 0.06 0.05 0.12
Queue Length 95th (ft) 11 5 4 0
Control Delay (s) 13.3 9.4 2.2 0.0
Lane LOS B A A
Approach Delay (s) 11.5 2.2 0.0
Approach LOS B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 37.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 10 20 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 76 11 22 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 33 120 22
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 33 120 22
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 96 99
cM capacity (veh/h) 1592 875 1061

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 87 33 38
Volume Left 11 0 33
Volume Right 0 22 5
cSH 1592 1700 897
Volume to Capacity 0.01 0.02 0.04
Queue Length 95th (ft) 1 0 3
Control Delay (s) 1.0 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 390 10 20 30 700 270 10 10 180 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1659 1805 1819 1770 3522 1805 3437
Flt Permitted 0.72 1.00 0.38 1.00 0.61 1.00 0.57 1.00
Satd. Flow (perm) 1346 1659 724 1819 1132 3522 1086 3437
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 411 11 21 32 737 284 11 11 189 42
RTOR Reduction (vph) 0 363 0 0 28 0 0 2 0 0 14 0
Lane Group Flow (vph) 53 59 0 11 25 0 737 293 0 11 217 0
Heavy Vehicles (%) 2% 0% 3% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 10.5 10.5 10.5 10.5 69.5 61.2 46.4 43.1
Effective Green, g (s) 10.5 10.5 10.5 10.5 69.5 61.2 46.4 43.1
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.77 0.68 0.52 0.48
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 194 84 212 1026 2395 586 1646
v/s Ratio Prot 0.04 0.01 c0.17 0.08 0.00 0.06
v/s Ratio Perm c0.04 0.02 c0.38 0.01
v/c Ratio 0.34 0.30 0.13 0.12 0.72 0.12 0.02 0.13
Uniform Delay, d1 36.6 36.4 35.7 35.6 6.7 5.0 10.6 13.0
Progression Factor 1.00 1.00 1.00 1.00 0.53 0.87 1.00 1.00
Incremental Delay, d2 1.3 0.9 0.7 0.2 2.0 0.1 0.0 0.2
Delay (s) 37.8 37.3 36.4 35.8 5.6 4.4 10.6 13.2
Level of Service D D D D A A B B
Approach Delay (s) 37.4 35.9 5.3 13.1
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 81.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 450 60 310 900 390 50 870 220 320 890 130
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3519 1583 1770 3689 1583 1770 3689 1568 3400 3438
Flt Permitted 0.16 1.00 1.00 0.38 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 297 3519 1583 702 3689 1583 1770 3689 1568 3400 3438
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 474 63 326 947 411 53 916 232 337 937 137
RTOR Reduction (vph) 0 0 45 0 0 230 0 0 157 0 12 0
Lane Group Flow (vph) 147 474 18 326 947 181 53 916 75 337 1062 0
Heavy Vehicles (%) 2% 8% 2% 2% 3% 2% 2% 3% 3% 3% 3% 3%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.8 25.1 25.1 34.0 26.2 26.2 3.9 29.1 29.1 11.3 36.5
Effective Green, g (s) 31.8 25.1 25.1 34.0 26.2 26.2 3.9 29.1 29.1 11.3 36.5
Actuated g/C Ratio 0.35 0.28 0.28 0.38 0.29 0.29 0.04 0.32 0.32 0.13 0.41
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 215 981 441 358 1074 461 77 1193 507 427 1394
v/s Ratio Prot 0.05 0.13 c0.08 0.26 c0.03 c0.25 c0.10 0.31
v/s Ratio Perm 0.19 0.01 c0.27 0.11 0.05
v/c Ratio 0.68 0.48 0.04 0.91 0.88 0.39 0.69 0.77 0.15 0.79 0.76
Uniform Delay, d1 22.5 27.0 23.7 24.6 30.4 25.5 42.5 27.4 21.6 38.2 23.0
Progression Factor 1.35 0.67 0.40 1.32 1.15 2.01 0.73 0.56 0.30 1.00 1.00
Incremental Delay, d2 8.6 1.7 0.2 20.7 7.8 1.8 14.1 1.8 0.1 9.4 2.5
Delay (s) 39.0 19.9 9.7 53.1 42.7 53.1 45.2 17.1 6.7 47.6 25.5
Level of Service D B A D D D D B A D C
Approach Delay (s) 23.1 47.3 16.3 30.8
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.8
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 980 30 40 1610 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3425 3521 1719 1637 1770 1697
Flt Permitted 0.93 0.90 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3176 3157 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1032 32 42 1695 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 2 0 0 1 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 1073 0 0 1778 0 21 17 0 105 28 0
Heavy Vehicles (%) 0% 5% 3% 3% 2% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2470 2455 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.34 c0.56 0.02 c0.08
v/c Ratio 0.43 0.72 0.13 0.09 0.64 0.13
Uniform Delay, d1 3.4 5.1 35.2 35.0 37.6 35.2
Progression Factor 0.42 1.24 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.4 0.4 0.2 8.4 0.3
Delay (s) 1.9 7.7 35.6 35.2 46.1 35.5
Level of Service A A D D D D
Approach Delay (s) 1.9 7.7 35.3 42.5
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1110 10 30 1720 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3435 3523 1805 1605 1752 1713
Flt Permitted 0.89 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3045 3211 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1168 11 32 1811 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 1 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 1199 0 0 1884 0 11 7 0 42 13 0
Heavy Vehicles (%) 0% 5% 0% 3% 2% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 73.8 73.8 7.2 7.2 7.2 7.2
Effective Green, g (s) 73.8 73.8 7.2 7.2 7.2 7.2
Actuated g/C Ratio 0.82 0.82 0.08 0.08 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2497 2633 112 128 109 137
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.39 c0.59 0.01 c0.03
v/c Ratio 0.48 0.72 0.10 0.05 0.39 0.09
Uniform Delay, d1 2.4 3.5 38.4 38.2 39.3 38.4
Progression Factor 0.39 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.9 0.4 0.2 2.3 0.3
Delay (s) 1.6 4.5 38.8 38.4 41.6 38.7
Level of Service A A D D D D
Approach Delay (s) 1.6 4.5 38.5 40.3
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 86.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 770 250 380 1500 1300 200 550 160 730 720 160
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3585 1583 1770 3725 1583 1770 3725 1583 3433 3539 1553
Flt Permitted 0.09 1.00 1.00 0.18 1.00 1.00 0.28 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 172 3585 1583 333 3725 1583 514 3725 1583 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 811 263 400 1579 1368 211 579 168 768 758 168
RTOR Reduction (vph) 0 0 124 0 0 227 0 0 116 0 0 93
Lane Group Flow (vph) 158 811 139 400 1579 1141 211 579 52 768 758 75
Heavy Vehicles (%) 4% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 48.4 42.4 42.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Effective Green, g (s) 48.4 42.4 42.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Actuated g/C Ratio 0.40 0.35 0.35 0.58 0.48 0.48 0.19 0.12 0.12 0.15 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 148 1267 559 452 1800 765 187 450 191 529 723 317
v/s Ratio Prot 0.05 0.23 c0.16 0.42 0.08 c0.16 0.03 c0.22 0.21
v/s Ratio Perm 0.38 0.09 0.35 c0.72 0.14 0.05
v/c Ratio 1.07 0.64 0.25 0.88 0.88 1.49 1.13 1.29 0.27 1.45 1.05 0.24
Uniform Delay, d1 31.1 32.4 27.5 23.6 27.8 31.0 46.8 52.8 48.0 50.7 47.8 39.9
Progression Factor 1.00 1.00 1.00 1.01 0.86 0.90 0.89 0.87 0.65 1.00 1.00 1.00
Incremental Delay, d2 93.1 2.5 1.1 5.2 1.7 223.0 101.1 143.5 0.3 213.7 46.9 0.1
Delay (s) 124.2 34.9 28.6 29.1 25.7 250.9 142.8 189.6 31.3 264.5 94.6 40.1
Level of Service F C C C C F F F C F F D
Approach Delay (s) 45.0 118.1 151.5 166.2
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 121.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.44
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 117.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 700 130 1360 300 10 2480
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3400 1599 3654 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.12 1.00
Satd. Flow (perm) 3400 1599 3654 1553 230 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 722 134 1432 316 11 2611
RTOR Reduction (vph) 0 83 0 42 0 0
Lane Group Flow (vph) 722 51 1432 274 11 2611
Heavy Vehicles (%) 3% 1% 4% 4% 0% 2%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 25.0 25.0 79.2 104.2 85.0 85.0
Effective Green, g (s) 25.0 25.0 79.2 104.2 85.0 85.0
Actuated g/C Ratio 0.21 0.21 0.66 0.87 0.71 0.71
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 708 333 2412 1413 173 2639
v/s Ratio Prot c0.21 0.39 0.04 0.00 c0.70
v/s Ratio Perm 0.03 0.14 0.04
v/c Ratio 1.02 0.15 0.59 0.19 0.06 0.99
Uniform Delay, d1 47.5 38.8 11.4 1.3 8.9 17.1
Progression Factor 1.00 1.00 1.43 4.22 0.70 0.57
Incremental Delay, d2 38.9 0.2 0.3 0.0 0.1 11.2
Delay (s) 86.4 39.1 16.6 5.3 6.3 20.9
Level of Service F D B A A C
Approach Delay (s) 79.0 14.6 20.8
Approach LOS E B C

Intersection Summary
HCM Average Control Delay 28.3 HCM Level of Service C
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2100 190 800 2020 60 210 20 850 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2211 200 842 2126 63 221 21 895 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 18 0 0 0 0 0 38
Lane Group Flow (vph) 63 2211 123 842 2126 45 221 21 895 63 21 4
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 210 948 145 210 165
v/s Ratio Prot 0.04 c0.60 c0.25 0.58 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.76 1.05 0.14 1.28 0.80 0.04 1.52 0.10 0.94 0.43 0.10 0.03
Uniform Delay, d1 56.5 25.6 11.8 48.5 11.2 4.9 53.7 48.6 38.5 50.4 48.6 48.2
Progression Factor 0.82 0.56 0.01 1.08 1.02 1.08 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 28.0 32.3 0.3 127.0 0.2 0.0 267.7 0.1 17.0 0.8 0.1 0.0
Delay (s) 74.2 46.7 0.4 179.3 11.7 5.3 321.4 48.6 55.5 51.1 48.6 48.2
Level of Service E D A F B A F D E D D D
Approach Delay (s) 43.6 58.1 107.1 49.7
Approach LOS D E F D

Intersection Summary
HCM Average Control Delay 60.9 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2700 280 650 1260 0 0 0 0 150 0 1580
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2787
Flt Permitted 1.00 0.23 1.00 0.95 1.00
Satd. Flow (perm) 3486 415 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2842 295 684 1326 0 0 0 0 158 0 1663
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 7
Lane Group Flow (vph) 0 3131 0 684 1326 0 0 0 0 158 0 1656
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 68.0 44.6 44.6 10.0 60.4
Effective Green, g (s) 68.0 44.6 44.6 10.0 60.4
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1975 451 1384 148 1519
v/s Ratio Prot c0.90 c0.34 0.36 0.09 c0.46
v/s Ratio Perm 0.22 0.14
v/c Ratio 1.59 1.52 0.96 1.07 1.09
Uniform Delay, d1 26.0 34.2 36.8 55.0 29.8
Progression Factor 0.76 0.92 0.89 1.00 1.00
Incremental Delay, d2 263.5 240.2 11.5 93.1 51.7
Delay (s) 283.2 271.6 44.2 148.1 81.5
Level of Service F F D F F
Approach Delay (s) 283.2 121.6 0.0 87.3
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 185.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.48
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 139.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1820 570 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1916 600 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 80 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1916 520 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.6 86.6 86.6 23.4 23.4 23.4
Effective Green, g (s) 86.6 86.6 86.6 23.4 23.4 23.4
Actuated g/C Ratio 0.72 0.72 0.72 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2688 2554 1110 332 275 275
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.60 0.75 0.47 0.32 0.75 0.75
Uniform Delay, d1 8.2 10.1 7.0 41.4 45.5 45.5
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.3 0.3 0.6 10.6 10.5
Delay (s) 3.2 11.4 7.3 42.0 56.2 56.0
Level of Service A B A D E E
Approach Delay (s) 3.2 10.4 53.2 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 250 480 440 160 380 930
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.37 1.00
Satd. Flow (perm) 1770 1583 3398 698 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 263 505 463 168 400 979
RTOR Reduction (vph) 0 405 18 0 0 0
Lane Group Flow (vph) 263 100 613 0 400 979
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 23.8 23.8 68.4 86.2 86.2
Effective Green, g (s) 23.8 23.8 68.4 86.2 86.2
Actuated g/C Ratio 0.20 0.20 0.57 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 351 314 1937 616 2542
v/s Ratio Prot c0.15 0.18 c0.07 0.28
v/s Ratio Perm 0.06 c0.40
v/c Ratio 0.75 0.32 0.32 0.65 0.39
Uniform Delay, d1 45.3 41.2 13.5 14.2 6.6
Progression Factor 1.00 1.00 1.00 0.80 0.94
Incremental Delay, d2 8.5 0.6 0.4 1.2 0.2
Delay (s) 53.8 41.8 14.0 12.6 6.4
Level of Service D D B B A
Approach Delay (s) 45.9 14.0 8.2
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 19.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 310 80 300 240 30 40 100 20 100 160 620
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1524 3400 3461 1752 3195 1615 1687 3406 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1524 3400 3461 1752 3195 1615 1687 3406 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 326 84 316 253 32 42 105 21 105 168 653
RTOR Reduction (vph) 0 0 72 0 12 0 0 0 15 0 0 401
Lane Group Flow (vph) 21 326 12 316 273 0 42 105 6 105 168 252
Heavy Vehicles (%) 0% 2% 6% 3% 2% 7% 3% 13% 0% 7% 6% 2%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 2.2 13.3 13.3 16.6 27.7 5.3 26.2 26.2 13.9 34.8 34.8
Effective Green, g (s) 2.2 13.3 13.3 16.6 27.7 5.3 26.2 26.2 13.9 34.8 34.8
Actuated g/C Ratio 0.02 0.15 0.15 0.18 0.31 0.06 0.29 0.29 0.15 0.39 0.39
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 44 523 225 627 1065 103 930 470 261 1317 612
v/s Ratio Prot 0.01 c0.09 c0.09 0.08 0.02 0.03 c0.06 0.05
v/s Ratio Perm 0.01 0.00 c0.16
v/c Ratio 0.48 0.62 0.06 0.50 0.26 0.41 0.11 0.01 0.40 0.13 0.41
Uniform Delay, d1 43.3 36.0 33.0 33.0 23.4 40.8 23.4 22.7 34.3 17.8 20.1
Progression Factor 1.00 1.00 1.00 0.87 0.84 0.91 0.96 0.98 1.51 0.33 2.65
Incremental Delay, d2 7.9 2.3 0.1 0.6 0.1 2.6 0.2 0.0 0.6 0.1 1.1
Delay (s) 51.3 38.3 33.1 29.4 19.8 39.9 22.8 22.2 52.4 6.0 54.6
Level of Service D D C C B D C C D A D
Approach Delay (s) 37.9 24.9 27.0 45.5
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 36.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 62.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 5 0 30 5 5 50 0 5 20 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 5 0 32 5 5 53 0 5 21 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 63 37 58 32
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) 0.00 -0.04 0.05 -0.01
Departure Headway (s) 4.1 4.1 4.2 4.2
Degree Utilization, x 0.07 0.04 0.07 0.04
Capacity (veh/h) 848 849 827 838
Control Delay (s) 7.5 7.3 7.5 7.3
Approach Delay (s) 7.5 7.3 7.5 7.3
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 17.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 0 0 120 160 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 0 0 126 168 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 311 184 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 311 184 200
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 100 100
cM capacity (veh/h) 682 863 1384

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 53 126 200
Volume Left 53 0 0
Volume Right 0 0 32
cSH 682 1384 1700
Volume to Capacity 0.08 0.00 0.12
Queue Length 95th (ft) 6 0 0
Control Delay (s) 10.7 0.0 0.0
Lane LOS B
Approach Delay (s) 10.7 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 20.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 260 150 10 160 190
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 274 158 11 168 200
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 700 163 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 700 163 168
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 69 88
cM capacity (veh/h) 360 887 1421

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 279 168 368
Volume Left 5 0 168
Volume Right 274 11 0
cSH 863 1700 1421
Volume to Capacity 0.32 0.10 0.12
Queue Length 95th (ft) 35 0 10
Control Delay (s) 11.2 0.0 4.2
Lane LOS B A
Approach Delay (s) 11.2 0.0 4.2
Approach LOS B

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 53.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 120 160 170 140 90 200 960 280 130 930 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 0.94 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1713 1770 1764 1787 3394 1770 3449
Flt Permitted 0.51 1.00 0.21 1.00 0.19 1.00 0.11 1.00
Satd. Flow (perm) 956 1713 396 1764 364 3394 211 3449
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 126 168 179 147 95 211 1011 295 137 979 126
RTOR Reduction (vph) 0 54 0 0 0 0 0 30 0 0 11 0
Lane Group Flow (vph) 137 240 0 179 242 0 211 1276 0 137 1094 0
Heavy Vehicles (%) 2% 2% 1% 2% 1% 2% 1% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 21.1 15.1 28.5 18.8 40.3 40.3 40.2 40.2
Effective Green, g (s) 21.1 15.1 28.5 18.8 40.3 40.3 40.2 40.2
Actuated g/C Ratio 0.23 0.17 0.32 0.21 0.45 0.45 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 278 287 273 368 242 1520 179 1541
v/s Ratio Prot 0.03 c0.14 c0.07 0.14 0.05 c0.38 0.04 c0.32
v/s Ratio Perm 0.08 0.14 c0.34 0.30
v/c Ratio 0.49 0.84 0.66 0.66 0.87 0.84 0.77 0.71
Uniform Delay, d1 28.6 36.3 24.5 32.6 28.2 22.0 20.7 20.2
Progression Factor 1.21 1.13 1.00 1.00 1.00 1.00 0.83 0.87
Incremental Delay, d2 1.4 18.6 5.6 4.2 27.2 5.7 11.7 1.8
Delay (s) 35.9 59.6 30.1 36.9 55.5 27.7 29.0 19.4
Level of Service D E C D E C C B
Approach Delay (s) 52.1 34.0 31.6 20.5
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 30.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 84.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 20 50 130 170 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 21 53 137 179 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 421 179 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 421 179 179
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 98 96
cM capacity (veh/h) 571 869 1397

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 21 189 179
Volume Left 0 53 0
Volume Right 21 0 0
cSH 869 1397 1700
Volume to Capacity 0.02 0.04 0.11
Queue Length 95th (ft) 2 3 0
Control Delay (s) 9.2 2.4 0.0
Lane LOS A A
Approach Delay (s) 9.2 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 5 5 120 170 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 5 5 126 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 195 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 195 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 99 100
cM capacity (veh/h) 661 852 1372

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 58 132 211
Volume Left 53 5 0
Volume Right 5 0 32
cSH 674 1372 1700
Volume to Capacity 0.09 0.00 0.12
Queue Length 95th (ft) 7 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 20.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 90 40 30 30 40 20 70 50 10 20 100 90
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 42 32 32 42 21 74 53 11 21 105 95
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 63 74 511 374 58 400 379 53
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 63 74 511 374 58 400 379 53
tC, single (s) 4.2 4.1 8.1 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.3 2.2 4.4 4.0 3.3 3.5 4.0 3.4
p0 queue free % 94 98 71 90 99 96 79 90
cM capacity (veh/h) 1502 1520 251 514 1014 483 509 995

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 168 95 137 221
Volume Left 95 32 74 21
Volume Right 32 21 11 95
cSH 1502 1520 337 640
Volume to Capacity 0.06 0.02 0.41 0.35
Queue Length 95th (ft) 5 2 48 38
Control Delay (s) 4.5 2.6 22.8 13.6
Lane LOS A A C B
Approach Delay (s) 4.5 2.6 22.8 13.6
Approach LOS C B

Intersection Summary
Average Delay 11.5
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 30 250 270 30 290 220 1430 250 240 1100 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3610 1770 3689 1524
Flt Permitted 0.31 1.00 1.00 0.68 1.00 0.16 1.00 0.07 1.00 1.00
Satd. Flow (perm) 569 1845 1583 1273 1608 290 3610 130 3689 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 95 33 263 293 33 315 232 1505 272 261 1158 105
RTOR Reduction (vph) 0 0 218 0 212 0 0 13 0 0 0 47
Lane Group Flow (vph) 95 33 45 293 136 0 232 1764 0 261 1158 58
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 3% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 18.4 13.1 13.1 22.9 14.1 69.1 56.0 72.1 57.5 57.5
Effective Green, g (s) 18.4 13.1 13.1 22.9 14.1 69.1 56.0 72.1 57.5 57.5
Actuated g/C Ratio 0.17 0.12 0.12 0.21 0.13 0.63 0.51 0.66 0.52 0.52
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 153 220 189 305 206 358 1838 303 1928 797
v/s Ratio Prot 0.03 0.02 c0.08 0.08 0.08 c0.49 c0.11 0.31
v/s Ratio Perm 0.07 0.03 c0.12 0.33 0.45 0.04
v/c Ratio 0.62 0.15 0.24 0.96 0.66 0.65 0.96 0.86 0.60 0.07
Uniform Delay, d1 40.7 43.5 43.9 42.4 45.7 12.6 25.9 34.5 18.3 13.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.26 1.08 1.00 1.00 1.00
Incremental Delay, d2 7.6 0.3 0.7 40.8 7.7 3.2 11.5 21.3 0.5 0.0
Delay (s) 48.3 43.8 44.6 83.2 53.4 19.1 39.6 55.9 18.8 13.1
Level of Service D D D F D B D E B B
Approach Delay (s) 45.4 67.0 37.2 24.7
Approach LOS D E D C

Intersection Summary
HCM Average Control Delay 37.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 99.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 400 0 1150 30 750 0 0 1220 390
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1475 1475 1687 3725 3580
Flt Permitted 0.95 1.00 1.00 0.08 1.00 1.00
Satd. Flow (perm) 1752 1475 1475 149 3725 3580
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 421 0 1211 32 789 0 0 1284 411
RTOR Reduction (vph) 0 0 0 0 430 16 0 0 0 0 25 0
Lane Group Flow (vph) 0 0 0 421 176 589 32 789 0 0 1670 0
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 7% 2% 0% 3% 3% 0%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 31.1 31.1 49.1 50.9 48.4 63.1
Effective Green, g (s) 31.1 31.1 49.1 50.9 48.4 63.1
Actuated g/C Ratio 0.28 0.28 0.45 0.46 0.44 0.57
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 495 417 658 115 1639 2054
v/s Ratio Prot 0.24 0.12 c0.15 0.01 c0.21 c0.47
v/s Ratio Perm 0.25 0.12
v/c Ratio 0.85 0.42 0.90 0.28 0.48 0.81
Uniform Delay, d1 37.3 32.1 28.1 32.9 21.9 18.7
Progression Factor 1.00 1.00 1.00 0.57 0.50 0.74
Incremental Delay, d2 13.2 0.7 14.8 0.9 0.7 2.8
Delay (s) 50.4 32.8 42.8 19.5 11.5 16.7
Level of Service D C D B B B
Approach Delay (s) 0.0 41.1 11.9 16.7
Approach LOS A D B B

Intersection Summary
HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 0 20 0 0 0 0 600 250 760 870 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1694 1961 1568 3367 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1694 1961 1568 3367 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 0 21 0 0 0 0 632 263 800 916 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 147 0 0 0
Lane Group Flow (vph) 0 207 0 0 0 0 0 632 116 800 916 0
Heavy Vehicles (%) 6% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 16.8 48.5 48.5 29.7 83.2
Effective Green, g (s) 16.8 48.5 48.5 29.7 83.2
Actuated g/C Ratio 0.15 0.44 0.44 0.27 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 259 865 691 909 2817
v/s Ratio Prot c0.12 c0.32 c0.24 0.25
v/s Ratio Perm 0.07
v/c Ratio 0.80 0.73 0.17 0.88 0.33
Uniform Delay, d1 45.0 25.4 18.6 38.4 4.3
Progression Factor 1.00 0.93 1.34 1.02 1.31
Incremental Delay, d2 15.6 4.8 0.5 6.2 0.2
Delay (s) 60.5 28.4 25.4 45.5 5.9
Level of Service E C C D A
Approach Delay (s) 60.5 0.0 27.5 24.4
Approach LOS E A C C

Intersection Summary
HCM Average Control Delay 28.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 140 710 20 60 830
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1613 1857 1850
Flt Permitted 0.99 1.00 0.91
Satd. Flow (perm) 1613 1857 1686
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 147 747 21 63 874
RTOR Reduction (vph) 135 0 1 0 0 0
Lane Group Flow (vph) 44 0 767 0 0 937
Heavy Vehicles (%) 3% 4% 2% 0% 7% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 8.9 91.1 91.1
Effective Green, g (s) 8.9 91.1 91.1
Actuated g/C Ratio 0.08 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 131 1538 1396
v/s Ratio Prot c0.03 0.41
v/s Ratio Perm c0.56
v/c Ratio 0.34 0.50 0.67
Uniform Delay, d1 47.8 2.8 3.7
Progression Factor 1.00 1.00 1.33
Incremental Delay, d2 1.5 0.3 2.5
Delay (s) 49.3 3.0 7.4
Level of Service D A A
Approach Delay (s) 49.3 3.0 7.4
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 108.4% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 90 10 370 30 10 10 110 290 10 170 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.90 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1857 1764 1631 1805
Flt Permitted 1.00 0.67 0.99 0.97
Satd. Flow (perm) 1857 1241 1621 1764
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 95 11 389 32 11 11 116 305 11 179 5
RTOR Reduction (vph) 0 4 0 0 1 0 0 95 0 0 1 0
Lane Group Flow (vph) 0 102 0 0 431 0 0 337 0 0 194 0
Heavy Vehicles (%) 0% 1% 0% 3% 0% 0% 0% 9% 4% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 47.6 47.6
Effective Green, g (s) 32.4 32.4 47.6 47.6
Actuated g/C Ratio 0.36 0.36 0.53 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 669 447 857 933
v/s Ratio Prot 0.05
v/s Ratio Perm c0.35 c0.21 0.11
v/c Ratio 0.15 0.96 0.39 0.21
Uniform Delay, d1 19.5 28.2 12.6 11.2
Progression Factor 1.00 0.85 0.86 1.31
Incremental Delay, d2 0.1 25.2 1.3 0.5
Delay (s) 19.6 49.3 12.1 15.2
Level of Service B D B B
Approach Delay (s) 19.6 49.3 12.1 15.2
Approach LOS B D B B

Intersection Summary
HCM Average Control Delay 27.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 320 130 90 460 150 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1753 1833 1715
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1753 1581 1715
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 337 137 95 484 158 95
RTOR Reduction (vph) 13 0 0 0 27 0
Lane Group Flow (vph) 461 0 0 579 226 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.1 63.1 16.9
Effective Green, g (s) 63.1 63.1 16.9
Actuated g/C Ratio 0.70 0.70 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1229 1108 322
v/s Ratio Prot 0.26 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.70
Uniform Delay, d1 5.5 6.3 34.2
Progression Factor 1.00 0.52 1.00
Incremental Delay, d2 0.9 1.2 6.8
Delay (s) 6.3 4.5 41.0
Level of Service A A D
Approach Delay (s) 6.3 4.5 41.0
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 12.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 390 420 130 120 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 411 442 137 126 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 942 511
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 942 511
tC, single (s) 4.5 7.4 6.8
tC, 2 stage (s)
tF (s) 2.6 4.4 3.8
p0 queue free % 99 36 99
cM capacity (veh/h) 832 196 464

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 421 579 132
Volume Left 11 0 126
Volume Right 0 137 5
cSH 832 1700 201
Volume to Capacity 0.01 0.34 0.66
Queue Length 95th (ft) 1 0 98
Control Delay (s) 0.4 0.0 51.7
Lane LOS A F
Approach Delay (s) 0.4 0.0 51.7
Approach LOS F

Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 43.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 150 20 30 210 330 10 130 30 440 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1803 1752 1827 1583 1798 1770 1863 1568
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.53 1.00 1.00
Satd. Flow (perm) 1805 1803 1752 1827 1583 1768 991 1863 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 158 21 32 221 347 11 137 32 463 211 32
RTOR Reduction (vph) 0 6 0 0 0 276 0 8 0 0 0 13
Lane Group Flow (vph) 21 173 0 32 221 71 0 172 0 463 211 19
Heavy Vehicles (%) 0% 4% 0% 3% 4% 2% 0% 3% 3% 2% 2% 3%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 3.1 14.7 6.9 18.5 18.5 31.5 53.4 53.4 53.4
Effective Green, g (s) 3.1 14.7 6.9 18.5 18.5 31.5 53.4 53.4 53.4
Actuated g/C Ratio 0.03 0.16 0.08 0.21 0.21 0.35 0.59 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 294 134 376 325 619 734 1105 930
v/s Ratio Prot 0.01 c0.10 0.02 c0.12 c0.12 0.11
v/s Ratio Perm 0.05 0.10 c0.26 0.01
v/c Ratio 0.34 0.59 0.24 0.59 0.22 0.28 0.63 0.19 0.02
Uniform Delay, d1 42.4 34.9 39.1 32.3 29.7 21.1 10.9 8.4 7.5
Progression Factor 0.91 1.02 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.2 3.0 0.9 2.3 0.3 1.1 1.8 0.4 0.0
Delay (s) 41.9 38.6 40.0 34.7 30.1 22.2 12.7 8.8 7.6
Level of Service D D D C C C B A A
Approach Delay (s) 38.9 32.3 22.2 11.3
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 23.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 64.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1530 1330 0 1910 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1611 1400 0 2011 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.59
vC, conflicting volume 3011 2616 805
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3011 2353 805
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 116 18 330

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 805 805 1400 1005 1005
Volume Left 0 0 0 0 0
Volume Right 0 0 1400 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.47 0.47 0.82 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 85.7% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (veh/h) 5 800 0 840 120 160 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 870 0 913 130 174 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 1043 0 1859 978
vC1, stage 1 conf vol 978
vC2, stage 2 conf vol 880
vCu, unblocked vol 1043 0 1859 978
tC, single (s) 4.1 0.0 6.6 6.2
tC, 2 stage (s) 5.6
tF (s) 2.2 0.0 3.7 3.3
p0 queue free % 99 0 31 98
cM capacity (veh/h) 674 0 252 306

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SW 1
Volume Total 5 870 1043 0 179
Volume Left 5 0 0 0 174
Volume Right 0 0 130 0 5
cSH 674 1700 1700 1700 253
Volume to Capacity 0.01 0.51 0.61 0.00 0.71
Queue Length 95th (ft) 1 0 0 0 120
Control Delay (s) 10.4 0.0 0.0 0.0 47.6
Lane LOS B E
Approach Delay (s) 0.1 0.0 47.6
Approach LOS E

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 67.3% ICU Level of Service C
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 740 220 120 150 0 0 0 0 10 0 810
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1572 1752 1743 1805 1302
Flt Permitted 1.00 0.07 1.00 0.95 1.00
Satd. Flow (perm) 1572 124 1743 1805 1302
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 804 239 130 163 0 0 0 0 11 0 880
RTOR Reduction (vph) 0 11 0 0 0 0 0 0 0 0 0 611
Lane Group Flow (vph) 0 1032 0 130 163 0 0 0 0 11 0 269
Heavy Vehicles (%) 0% 21% 4% 3% 9% 0% 0% 0% 0% 0% 0% 24%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 3 6
Actuated Green, G (s) 54.7 75.0 75.0 5.0 25.3
Effective Green, g (s) 54.7 75.0 75.0 5.0 25.3
Actuated g/C Ratio 0.61 0.83 0.83 0.06 0.28
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 955 380 1453 100 366
v/s Ratio Prot c0.66 0.06 0.09 0.01
v/s Ratio Perm 0.23 c0.21
v/c Ratio 1.08 0.34 0.11 0.11 0.73
Uniform Delay, d1 17.6 18.2 1.4 40.4 29.3
Progression Factor 0.93 0.75 0.88 1.00 1.00
Incremental Delay, d2 53.5 0.5 0.0 0.5 7.5
Delay (s) 69.9 14.2 1.2 40.9 36.8
Level of Service E B A D D
Approach Delay (s) 69.9 7.0 0.0 36.8
Approach LOS E A A D

Intersection Summary
HCM Average Control Delay 48.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 650 90 0 0 200 20 70 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1792 1795 1641 1583
Flt Permitted 0.45 1.00 1.00 0.95 1.00
Satd. Flow (perm) 691 1792 1795 1641 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 707 98 0 0 217 22 76 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 3 0 0 0 49 0 0 0
Lane Group Flow (vph) 707 98 0 0 236 0 76 0 5 0 0 0
Heavy Vehicles (%) 24% 6% 0% 0% 5% 0% 10% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 71.6 71.6 30.1 8.4 8.4
Effective Green, g (s) 71.6 71.6 30.1 8.4 8.4
Actuated g/C Ratio 0.80 0.80 0.33 0.09 0.09
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 860 1426 600 153 148
v/s Ratio Prot c0.33 0.05 0.13
v/s Ratio Perm c0.32 c0.05 0.00
v/c Ratio 0.82 0.07 0.39 0.50 0.03
Uniform Delay, d1 5.9 2.0 22.9 38.8 37.1
Progression Factor 0.71 0.03 0.45 1.00 1.00
Incremental Delay, d2 0.6 0.0 0.4 2.5 0.1
Delay (s) 4.8 0.1 10.8 41.3 37.2
Level of Service A A B D D
Approach Delay (s) 4.2 10.8 39.6 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 9.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 140 10 5 220 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 152 11 5 239 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 163 408 158
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 163 408 158
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1428 601 893

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 163 245 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1428 675
Volume to Capacity 0.10 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.5
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.5
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 25.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 130 10 10 80 40 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 141 11 11 87 43 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 348 54
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 348 54
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 87 90 84
cM capacity (veh/h) 1054 425 793

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 152 98 43 130
Volume Left 141 0 43 0
Volume Right 0 87 0 130
cSH 1054 1700 425 793
Volume to Capacity 0.13 0.06 0.10 0.16
Queue Length 95th (ft) 12 0 8 15
Control Delay (s) 8.4 0.0 14.4 10.4
Lane LOS A B B
Approach Delay (s) 8.4 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 10 10 5 150 190 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 5 163 207 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 383 209 212
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 383 209 212
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 100
cM capacity (veh/h) 621 836 1370

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 11 11 168 212
Volume Left 11 0 5 0
Volume Right 0 11 0 5
cSH 621 836 1370 1700
Volume to Capacity 0.02 0.01 0.00 0.12
Queue Length 95th (ft) 1 1 0 0
Control Delay (s) 10.9 9.4 0.3 0.0
Lane LOS B A A
Approach Delay (s) 10.1 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 21.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved)
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 50 90 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 54 98 0 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 152 98
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 152 98
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1508 844 964

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 54 98 11
Volume Left 0 0 5
Volume Right 0 0 5
cSH 1508 1700 900
Volume to Capacity 0.00 0.06 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.0
Lane LOS A
Approach Delay (s) 0.0 0.0 9.0
Approach LOS A

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 390 10 20 30 700 270 10 10 180 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1659 1805 1819 1770 3522 1805 3437
Flt Permitted 0.72 1.00 0.38 1.00 0.61 1.00 0.57 1.00
Satd. Flow (perm) 1346 1659 724 1819 1132 3522 1086 3437
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 411 11 21 32 737 284 11 11 189 42
RTOR Reduction (vph) 0 363 0 0 28 0 0 2 0 0 14 0
Lane Group Flow (vph) 53 59 0 11 25 0 737 293 0 11 217 0
Heavy Vehicles (%) 2% 0% 3% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 10.5 10.5 10.5 10.5 69.5 61.2 46.4 43.1
Effective Green, g (s) 10.5 10.5 10.5 10.5 69.5 61.2 46.4 43.1
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.77 0.68 0.52 0.48
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 194 84 212 1026 2395 586 1646
v/s Ratio Prot 0.04 0.01 c0.17 0.08 0.00 0.06
v/s Ratio Perm c0.04 0.02 c0.38 0.01
v/c Ratio 0.34 0.30 0.13 0.12 0.72 0.12 0.02 0.13
Uniform Delay, d1 36.6 36.4 35.7 35.6 6.7 5.0 10.6 13.0
Progression Factor 1.00 1.00 1.00 1.00 0.53 0.87 1.00 1.00
Incremental Delay, d2 1.3 0.9 0.7 0.2 2.0 0.1 0.0 0.2
Delay (s) 37.8 37.3 36.4 35.8 5.6 4.4 10.6 13.2
Level of Service D D D D A A B B
Approach Delay (s) 37.4 35.9 5.3 13.1
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 81.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 450 60 310 900 390 50 870 220 320 890 130
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3519 1583 1770 3689 1583 1770 3689 1568 3400 3438
Flt Permitted 0.16 1.00 1.00 0.38 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 297 3519 1583 702 3689 1583 1770 3689 1568 3400 3438
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 474 63 326 947 411 53 916 232 337 937 137
RTOR Reduction (vph) 0 0 45 0 0 230 0 0 157 0 12 0
Lane Group Flow (vph) 147 474 18 326 947 181 53 916 75 337 1062 0
Heavy Vehicles (%) 2% 8% 2% 2% 3% 2% 2% 3% 3% 3% 3% 3%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.8 25.1 25.1 34.0 26.2 26.2 3.9 29.1 29.1 11.3 36.5
Effective Green, g (s) 31.8 25.1 25.1 34.0 26.2 26.2 3.9 29.1 29.1 11.3 36.5
Actuated g/C Ratio 0.35 0.28 0.28 0.38 0.29 0.29 0.04 0.32 0.32 0.13 0.41
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 215 981 441 358 1074 461 77 1193 507 427 1394
v/s Ratio Prot 0.05 0.13 c0.08 0.26 c0.03 c0.25 c0.10 0.31
v/s Ratio Perm 0.19 0.01 c0.27 0.11 0.05
v/c Ratio 0.68 0.48 0.04 0.91 0.88 0.39 0.69 0.77 0.15 0.79 0.76
Uniform Delay, d1 22.5 27.0 23.7 24.6 30.4 25.5 42.5 27.4 21.6 38.2 23.0
Progression Factor 1.35 0.67 0.40 1.32 1.15 2.01 0.73 0.56 0.30 1.00 1.00
Incremental Delay, d2 8.6 1.7 0.2 20.7 7.8 1.8 14.1 1.8 0.1 9.4 2.5
Delay (s) 38.9 19.8 9.6 53.1 42.7 53.1 45.2 17.1 6.7 47.6 25.5
Level of Service D B A D D D D B A D C
Approach Delay (s) 23.0 47.3 16.3 30.8
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.8
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 980 30 40 1610 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3425 3521 1719 1637 1770 1697
Flt Permitted 0.93 0.90 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3176 3157 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1032 32 42 1695 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 2 0 0 1 0 0 47 0 0 25 0
Lane Group Flow (vph) 0 1073 0 0 1778 0 21 17 0 105 28 0
Heavy Vehicles (%) 0% 5% 3% 3% 2% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2470 2455 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.34 c0.56 0.02 c0.08
v/c Ratio 0.43 0.72 0.13 0.09 0.64 0.13
Uniform Delay, d1 3.4 5.1 35.2 35.0 37.6 35.2
Progression Factor 0.42 1.24 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.4 0.4 0.2 8.4 0.3
Delay (s) 1.9 7.7 35.6 35.2 46.1 35.5
Level of Service A A D D D D
Approach Delay (s) 1.9 7.7 35.3 42.5
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 94.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1110 10 30 1720 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3435 3523 1805 1605 1752 1713
Flt Permitted 0.89 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3045 3211 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1168 11 32 1811 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 1 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 1199 0 0 1884 0 11 7 0 42 13 0
Heavy Vehicles (%) 0% 5% 0% 3% 2% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 73.8 73.8 7.2 7.2 7.2 7.2
Effective Green, g (s) 73.8 73.8 7.2 7.2 7.2 7.2
Actuated g/C Ratio 0.82 0.82 0.08 0.08 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2497 2633 112 128 109 137
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.39 c0.59 0.01 c0.03
v/c Ratio 0.48 0.72 0.10 0.05 0.39 0.09
Uniform Delay, d1 2.4 3.5 38.4 38.2 39.3 38.4
Progression Factor 0.39 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.9 0.4 0.2 2.3 0.3
Delay (s) 1.6 4.5 38.8 38.4 41.6 38.7
Level of Service A A D D D D
Approach Delay (s) 1.6 4.5 38.5 40.3
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 86.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 770 250 380 1500 1300 200 550 160 730 720 160
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3585 1583 1770 3725 1583 1770 3725 1583 3433 3539 1553
Flt Permitted 0.09 1.00 1.00 0.18 1.00 1.00 0.28 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 172 3585 1583 333 3725 1583 514 3725 1583 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 811 263 400 1579 1368 211 579 168 768 758 168
RTOR Reduction (vph) 0 0 124 0 0 227 0 0 116 0 0 93
Lane Group Flow (vph) 158 811 139 400 1579 1141 211 579 52 768 758 75
Heavy Vehicles (%) 4% 6% 2% 2% 2% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 48.4 42.4 42.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Effective Green, g (s) 48.4 42.4 42.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Actuated g/C Ratio 0.40 0.35 0.35 0.58 0.48 0.48 0.19 0.12 0.12 0.15 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 148 1267 559 452 1800 765 187 450 191 529 723 317
v/s Ratio Prot 0.05 0.23 c0.16 0.42 0.08 c0.16 0.03 c0.22 0.21
v/s Ratio Perm 0.38 0.09 0.35 c0.72 0.14 0.05
v/c Ratio 1.07 0.64 0.25 0.88 0.88 1.49 1.13 1.29 0.27 1.45 1.05 0.24
Uniform Delay, d1 31.1 32.4 27.5 23.6 27.8 31.0 46.8 52.8 48.0 50.7 47.8 39.9
Progression Factor 1.00 1.00 1.00 0.91 0.97 0.98 0.90 0.89 0.78 1.00 1.00 1.00
Incremental Delay, d2 93.1 2.5 1.1 5.2 1.7 223.0 101.1 143.5 0.3 213.7 46.9 0.1
Delay (s) 124.2 34.9 28.6 26.7 28.6 253.5 143.1 190.7 37.7 264.5 94.6 40.1
Level of Service F C C C C F F F D F F D
Approach Delay (s) 45.0 120.3 153.4 166.2
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 122.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.44
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 117.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 700 130 1360 300 10 2480
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3400 1599 3654 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.12 1.00
Satd. Flow (perm) 3400 1599 3654 1553 230 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 722 134 1432 316 11 2611
RTOR Reduction (vph) 0 83 0 42 0 0
Lane Group Flow (vph) 722 51 1432 274 11 2611
Heavy Vehicles (%) 3% 1% 4% 4% 0% 2%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 25.0 25.0 79.2 104.2 85.0 85.0
Effective Green, g (s) 25.0 25.0 79.2 104.2 85.0 85.0
Actuated g/C Ratio 0.21 0.21 0.66 0.87 0.71 0.71
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 708 333 2412 1413 173 2639
v/s Ratio Prot c0.21 0.39 0.04 0.00 c0.70
v/s Ratio Perm 0.03 0.14 0.04
v/c Ratio 1.02 0.15 0.59 0.19 0.06 0.99
Uniform Delay, d1 47.5 38.8 11.4 1.3 8.9 17.1
Progression Factor 1.00 1.00 0.19 0.65 0.99 0.52
Incremental Delay, d2 38.9 0.2 0.3 0.0 0.1 11.2
Delay (s) 86.4 39.1 2.4 0.8 8.8 20.0
Level of Service F D A A A C
Approach Delay (s) 79.0 2.1 20.0
Approach LOS E A B

Intersection Summary
HCM Average Control Delay 23.7 HCM Level of Service C
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2100 190 800 2020 60 210 20 850 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2211 200 842 2126 63 221 21 895 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 18 0 0 0 0 0 38
Lane Group Flow (vph) 63 2211 123 842 2126 45 221 21 895 63 21 4
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 210 948 145 210 165
v/s Ratio Prot 0.04 c0.60 c0.25 0.58 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.76 1.05 0.14 1.28 0.80 0.04 1.52 0.10 0.94 0.43 0.10 0.03
Uniform Delay, d1 56.5 25.6 11.8 48.5 11.2 4.9 53.7 48.6 38.5 50.4 48.6 48.2
Progression Factor 0.82 0.57 0.07 1.08 1.00 1.05 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 28.0 32.3 0.3 127.0 0.2 0.0 267.7 0.1 17.0 0.8 0.1 0.0
Delay (s) 74.4 46.9 1.1 179.4 11.5 5.1 321.4 48.6 55.5 51.1 48.6 48.2
Level of Service E D A F B A F D E D D D
Approach Delay (s) 43.9 58.0 107.1 49.7
Approach LOS D E F D

Intersection Summary
HCM Average Control Delay 60.9 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2700 280 650 1260 0 0 0 0 150 0 1580
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2787
Flt Permitted 1.00 0.24 1.00 0.95 1.00
Satd. Flow (perm) 3486 430 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2842 295 684 1326 0 0 0 0 158 0 1663
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3131 0 684 1326 0 0 0 0 158 0 1663
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 68.0 44.0 44.0 10.0 61.0
Effective Green, g (s) 68.0 44.0 44.0 10.0 61.0
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1975 452 1366 148 1533
v/s Ratio Prot c0.90 c0.34 0.36 0.09 c0.46
v/s Ratio Perm 0.21 0.14
v/c Ratio 1.59 1.51 0.97 1.07 1.08
Uniform Delay, d1 26.0 34.2 37.4 55.0 29.5
Progression Factor 0.75 0.92 0.88 1.00 1.00
Incremental Delay, d2 263.5 238.7 13.8 93.1 49.7
Delay (s) 283.1 270.2 46.5 148.1 79.2
Level of Service F F D F E
Approach Delay (s) 283.1 122.6 0.0 85.2
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 185.1 HCM Level of Service F
HCM Volume to Capacity ratio 1.48
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 139.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1820 570 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1916 600 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 80 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1916 520 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.6 86.6 86.6 23.4 23.4 23.4
Effective Green, g (s) 86.6 86.6 86.6 23.4 23.4 23.4
Actuated g/C Ratio 0.72 0.72 0.72 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2688 2554 1110 332 275 275
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.60 0.75 0.47 0.32 0.75 0.75
Uniform Delay, d1 8.2 10.1 7.0 41.4 45.5 45.5
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.3 0.3 0.6 10.6 10.5
Delay (s) 3.2 11.4 7.3 42.0 56.2 56.0
Level of Service A B A D E E
Approach Delay (s) 3.2 10.4 53.2 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 250 480 440 160 380 930
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.37 1.00
Satd. Flow (perm) 1770 1583 3398 698 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 263 505 463 168 400 979
RTOR Reduction (vph) 0 405 18 0 0 0
Lane Group Flow (vph) 263 100 613 0 400 979
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 23.8 23.8 68.4 86.2 86.2
Effective Green, g (s) 23.8 23.8 68.4 86.2 86.2
Actuated g/C Ratio 0.20 0.20 0.57 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 351 314 1937 616 2542
v/s Ratio Prot c0.15 0.18 c0.07 0.28
v/s Ratio Perm 0.06 c0.40
v/c Ratio 0.75 0.32 0.32 0.65 0.39
Uniform Delay, d1 45.3 41.2 13.5 14.2 6.6
Progression Factor 1.00 1.00 1.00 1.30 1.68
Incremental Delay, d2 8.5 0.6 0.4 1.2 0.2
Delay (s) 53.8 41.8 14.0 19.6 11.3
Level of Service D D B B B
Approach Delay (s) 45.9 14.0 13.7
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 310 80 300 240 30 40 100 20 100 160 620
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1524 3400 3461 1752 3195 1615 1687 3406 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1524 3400 3461 1752 3195 1615 1687 3406 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 326 84 316 253 32 42 105 21 105 168 653
RTOR Reduction (vph) 0 0 72 0 12 0 0 0 15 0 0 401
Lane Group Flow (vph) 21 326 12 316 273 0 42 105 6 105 168 252
Heavy Vehicles (%) 0% 2% 6% 3% 2% 7% 3% 13% 0% 7% 6% 2%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 2.2 13.3 13.3 16.6 27.7 5.3 26.2 26.2 13.9 34.8 34.8
Effective Green, g (s) 2.2 13.3 13.3 16.6 27.7 5.3 26.2 26.2 13.9 34.8 34.8
Actuated g/C Ratio 0.02 0.15 0.15 0.18 0.31 0.06 0.29 0.29 0.15 0.39 0.39
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 44 523 225 627 1065 103 930 470 261 1317 612
v/s Ratio Prot 0.01 c0.09 c0.09 0.08 0.02 0.03 c0.06 0.05
v/s Ratio Perm 0.01 0.00 c0.16
v/c Ratio 0.48 0.62 0.06 0.50 0.26 0.41 0.11 0.01 0.40 0.13 0.41
Uniform Delay, d1 43.3 36.0 33.0 33.0 23.4 40.8 23.4 22.7 34.3 17.8 20.1
Progression Factor 1.00 1.00 1.00 0.87 0.84 0.88 0.97 1.02 1.51 0.33 2.65
Incremental Delay, d2 7.9 2.3 0.1 0.6 0.1 2.6 0.2 0.0 0.6 0.1 1.1
Delay (s) 51.3 38.3 33.1 29.4 19.8 38.5 22.8 23.2 52.4 6.0 54.6
Level of Service D D C C B D C C D A D
Approach Delay (s) 37.9 24.9 26.8 45.5
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 36.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 62.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 5 0 30 5 5 50 0 5 20 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 5 0 32 5 5 53 0 5 21 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 63 37 58 32
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) 0.00 -0.04 0.05 -0.01
Departure Headway (s) 4.1 4.1 4.2 4.2
Degree Utilization, x 0.07 0.04 0.07 0.04
Capacity (veh/h) 848 849 827 838
Control Delay (s) 7.5 7.3 7.5 7.3
Approach Delay (s) 7.5 7.3 7.5 7.3
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 17.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 260 150 10 160 190
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 274 158 11 168 200
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 700 163 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 700 163 168
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 69 88
cM capacity (veh/h) 360 887 1421

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 279 168 368
Volume Left 5 0 168
Volume Right 274 11 0
cSH 863 1700 1421
Volume to Capacity 0.32 0.10 0.12
Queue Length 95th (ft) 35 0 10
Control Delay (s) 11.2 0.0 4.2
Lane LOS B A
Approach Delay (s) 11.2 0.0 4.2
Approach LOS B

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 53.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 120 160 170 140 90 200 960 280 130 930 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 0.94 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1713 1770 1764 1787 3394 1770 3449
Flt Permitted 0.51 1.00 0.21 1.00 0.19 1.00 0.11 1.00
Satd. Flow (perm) 956 1713 396 1764 364 3394 211 3449
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 126 168 179 147 95 211 1011 295 137 979 126
RTOR Reduction (vph) 0 54 0 0 0 0 0 30 0 0 11 0
Lane Group Flow (vph) 137 240 0 179 242 0 211 1276 0 137 1094 0
Heavy Vehicles (%) 2% 2% 1% 2% 1% 2% 1% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 21.1 15.1 28.5 18.8 40.3 40.3 40.2 40.2
Effective Green, g (s) 21.1 15.1 28.5 18.8 40.3 40.3 40.2 40.2
Actuated g/C Ratio 0.23 0.17 0.32 0.21 0.45 0.45 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 278 287 273 368 242 1520 179 1541
v/s Ratio Prot 0.03 c0.14 c0.07 0.14 0.05 c0.38 0.04 c0.32
v/s Ratio Perm 0.08 0.14 c0.34 0.30
v/c Ratio 0.49 0.84 0.66 0.66 0.87 0.84 0.77 0.71
Uniform Delay, d1 28.6 36.3 24.5 32.6 28.2 22.0 20.7 20.2
Progression Factor 1.20 1.13 1.00 1.00 1.00 1.00 0.83 0.87
Incremental Delay, d2 1.4 18.6 5.6 4.2 27.2 5.7 11.7 1.8
Delay (s) 35.9 59.5 30.1 36.9 55.5 27.7 29.0 19.4
Level of Service D E C D E C C B
Approach Delay (s) 52.0 34.0 31.6 20.5
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 30.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 84.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 20 50 130 170 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 21 53 137 179 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 421 179 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 421 179 179
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 98 96
cM capacity (veh/h) 571 869 1397

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 21 189 179
Volume Left 0 53 0
Volume Right 21 0 0
cSH 869 1397 1700
Volume to Capacity 0.02 0.04 0.11
Queue Length 95th (ft) 2 3 0
Control Delay (s) 9.2 2.4 0.0
Lane LOS A A
Approach Delay (s) 9.2 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 5 5 120 170 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 5 5 126 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 195 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 195 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 99 100
cM capacity (veh/h) 661 852 1372

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 58 132 211
Volume Left 53 5 0
Volume Right 5 0 32
cSH 674 1372 1700
Volume to Capacity 0.09 0.00 0.12
Queue Length 95th (ft) 7 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 20.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 90 40 30 30 40 20 70 50 10 20 100 90
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 42 32 32 42 21 74 53 11 21 105 95
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 63 74 511 374 58 400 379 53
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 63 74 511 374 58 400 379 53
tC, single (s) 4.2 4.1 8.1 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.3 2.2 4.4 4.0 3.3 3.5 4.0 3.4
p0 queue free % 94 98 71 90 99 96 79 90
cM capacity (veh/h) 1502 1520 251 514 1014 483 509 995

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 168 95 137 221
Volume Left 95 32 74 21
Volume Right 32 21 11 95
cSH 1502 1520 337 640
Volume to Capacity 0.06 0.02 0.41 0.35
Queue Length 95th (ft) 5 2 48 38
Control Delay (s) 4.5 2.6 22.8 13.6
Lane LOS A A C B
Approach Delay (s) 4.5 2.6 22.8 13.6
Approach LOS C B

Intersection Summary
Average Delay 11.5
Intersection Capacity Utilization 44.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 30 250 270 30 290 220 1430 250 240 1100 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3610 1770 3689 1524
Flt Permitted 0.31 1.00 1.00 0.68 1.00 0.16 1.00 0.07 1.00 1.00
Satd. Flow (perm) 569 1845 1583 1273 1608 290 3610 130 3689 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 95 33 263 293 33 315 232 1505 272 261 1158 105
RTOR Reduction (vph) 0 0 218 0 212 0 0 13 0 0 0 47
Lane Group Flow (vph) 95 33 45 293 136 0 232 1764 0 261 1158 58
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 3% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 18.4 13.1 13.1 22.9 14.1 69.1 56.0 72.1 57.5 57.5
Effective Green, g (s) 18.4 13.1 13.1 22.9 14.1 69.1 56.0 72.1 57.5 57.5
Actuated g/C Ratio 0.17 0.12 0.12 0.21 0.13 0.63 0.51 0.66 0.52 0.52
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 153 220 189 305 206 358 1838 303 1928 797
v/s Ratio Prot 0.03 0.02 c0.08 0.08 0.08 c0.49 c0.11 0.31
v/s Ratio Perm 0.07 0.03 c0.12 0.33 0.45 0.04
v/c Ratio 0.62 0.15 0.24 0.96 0.66 0.65 0.96 0.86 0.60 0.07
Uniform Delay, d1 40.7 43.5 43.9 42.4 45.7 12.6 25.9 34.5 18.3 13.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.44 0.76 1.00 1.00 1.00
Incremental Delay, d2 7.6 0.3 0.7 40.8 7.7 2.9 10.6 21.3 0.5 0.0
Delay (s) 48.3 43.8 44.6 83.2 53.4 21.0 30.3 55.9 18.8 13.1
Level of Service D D D F D C C E B B
Approach Delay (s) 45.4 67.0 29.2 24.7
Approach LOS D E C C

Intersection Summary
HCM Average Control Delay 34.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 99.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 400 0 1150 30 750 0 0 1220 390
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1475 1475 1687 3725 3580
Flt Permitted 0.95 1.00 1.00 0.11 1.00 1.00
Satd. Flow (perm) 1752 1475 1475 201 3725 3580
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 421 0 1211 32 789 0 0 1284 411
RTOR Reduction (vph) 0 0 0 0 322 17 0 0 0 0 25 0
Lane Group Flow (vph) 0 0 0 421 284 588 32 789 0 0 1670 0
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 7% 2% 0% 3% 3% 0%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 31.4 31.4 62.2 38.6 35.3 62.8
Effective Green, g (s) 31.4 31.4 62.2 38.6 35.3 62.8
Actuated g/C Ratio 0.29 0.29 0.57 0.35 0.32 0.57
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 500 421 868 115 1195 2044
v/s Ratio Prot c0.24 0.19 c0.19 0.01 0.21 c0.47
v/s Ratio Perm 0.21 0.09
v/c Ratio 0.84 0.68 0.68 0.28 0.66 0.82
Uniform Delay, d1 37.0 34.8 16.8 48.8 32.2 19.0
Progression Factor 1.00 1.00 1.00 1.35 0.61 0.60
Incremental Delay, d2 12.2 4.3 2.1 0.9 1.9 2.9
Delay (s) 49.2 39.0 18.9 66.6 21.7 14.3
Level of Service D D B E C B
Approach Delay (s) 0.0 34.2 23.4 14.3
Approach LOS A C C B

Intersection Summary
HCM Average Control Delay 23.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 0 20 0 0 0 0 600 250 760 870 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1694 1961 1568 3367 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1694 1961 1568 3367 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 0 21 0 0 0 0 632 263 800 916 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 147 0 0 0
Lane Group Flow (vph) 0 207 0 0 0 0 0 632 116 800 916 0
Heavy Vehicles (%) 6% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 16.8 48.5 48.5 29.7 83.2
Effective Green, g (s) 16.8 48.5 48.5 29.7 83.2
Actuated g/C Ratio 0.15 0.44 0.44 0.27 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 259 865 691 909 2817
v/s Ratio Prot c0.12 c0.32 c0.24 0.25
v/s Ratio Perm 0.07
v/c Ratio 0.80 0.73 0.17 0.88 0.33
Uniform Delay, d1 45.0 25.4 18.6 38.4 4.3
Progression Factor 1.00 0.93 1.34 0.89 0.73
Incremental Delay, d2 15.6 4.8 0.5 6.2 0.2
Delay (s) 60.5 28.4 25.4 40.4 3.3
Level of Service E C C D A
Approach Delay (s) 60.5 0.0 27.5 20.6
Approach LOS E A C C

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 82.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 140 710 20 60 830
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1613 1857 1850
Flt Permitted 0.99 1.00 0.91
Satd. Flow (perm) 1613 1857 1686
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 147 747 21 63 874
RTOR Reduction (vph) 135 0 1 0 0 0
Lane Group Flow (vph) 44 0 767 0 0 937
Heavy Vehicles (%) 3% 4% 2% 0% 7% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 8.9 91.1 91.1
Effective Green, g (s) 8.9 91.1 91.1
Actuated g/C Ratio 0.08 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 131 1538 1396
v/s Ratio Prot c0.03 0.41
v/s Ratio Perm c0.56
v/c Ratio 0.34 0.50 0.67
Uniform Delay, d1 47.8 2.8 3.7
Progression Factor 1.00 1.00 1.38
Incremental Delay, d2 1.5 0.3 2.5
Delay (s) 49.3 3.0 7.5
Level of Service D A A
Approach Delay (s) 49.3 3.0 7.5
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 108.4% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 90 10 370 30 10 10 110 290 10 170 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.90 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1857 1764 1631 1805
Flt Permitted 1.00 0.67 0.99 0.97
Satd. Flow (perm) 1857 1241 1621 1764
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 95 11 389 32 11 11 116 305 11 179 5
RTOR Reduction (vph) 0 4 0 0 1 0 0 95 0 0 1 0
Lane Group Flow (vph) 0 102 0 0 431 0 0 337 0 0 194 0
Heavy Vehicles (%) 0% 1% 0% 3% 0% 0% 0% 9% 4% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 47.6 47.6
Effective Green, g (s) 32.4 32.4 47.6 47.6
Actuated g/C Ratio 0.36 0.36 0.53 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 669 447 857 933
v/s Ratio Prot 0.05
v/s Ratio Perm c0.35 c0.21 0.11
v/c Ratio 0.15 0.96 0.39 0.21
Uniform Delay, d1 19.5 28.2 12.6 11.2
Progression Factor 1.00 1.00 1.27 1.36
Incremental Delay, d2 0.1 33.1 1.3 0.5
Delay (s) 19.6 61.3 17.3 15.7
Level of Service B E B B
Approach Delay (s) 19.6 61.3 17.3 15.7
Approach LOS B E B B

Intersection Summary
HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 320 130 90 460 150 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1753 1833 1715
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1753 1581 1715
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 337 137 95 484 158 95
RTOR Reduction (vph) 13 0 0 0 27 0
Lane Group Flow (vph) 461 0 0 579 226 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.1 63.1 16.9
Effective Green, g (s) 63.1 63.1 16.9
Actuated g/C Ratio 0.70 0.70 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1229 1108 322
v/s Ratio Prot 0.26 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.70
Uniform Delay, d1 5.5 6.3 34.2
Progression Factor 1.00 1.97 1.00
Incremental Delay, d2 0.9 1.2 6.8
Delay (s) 6.3 13.7 41.0
Level of Service A B D
Approach Delay (s) 6.3 13.7 41.0
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 16.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (vph) 10 390 420 130 120 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.97 0.99
Flt Protected 1.00 1.00 0.95
Satd. Flow (prot) 1842 1475 909
Flt Permitted 0.99 1.00 0.95
Satd. Flow (perm) 1818 1475 909
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 411 442 137 126 5
RTOR Reduction (vph) 0 0 15 0 2 0
Lane Group Flow (vph) 0 422 564 0 129 0
Heavy Vehicles (%) 40% 2% 2% 98% 100% 60%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 32.8 32.8 10.3
Effective Green, g (s) 32.8 32.8 10.3
Actuated g/C Ratio 0.62 0.62 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1123 911 176
v/s Ratio Prot c0.38 c0.14
v/s Ratio Perm 0.23
v/c Ratio 0.38 0.62 0.73
Uniform Delay, d1 5.1 6.3 20.1
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.2 1.3 14.4
Delay (s) 5.3 7.5 34.5
Level of Service A A C
Approach Delay (s) 5.3 7.5 34.5
Approach LOS A A C

Intersection Summary
HCM Average Control Delay 9.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 53.1 Sum of lost time (s) 10.0
Intersection Capacity Utilization 45.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 150 20 30 210 330 10 130 30 440 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1803 1752 1827 1583 1798 1770 1863 1568
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.53 1.00 1.00
Satd. Flow (perm) 1805 1803 1752 1827 1583 1768 991 1863 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 158 21 32 221 347 11 137 32 463 211 32
RTOR Reduction (vph) 0 6 0 0 0 276 0 8 0 0 0 13
Lane Group Flow (vph) 21 173 0 32 221 71 0 172 0 463 211 19
Heavy Vehicles (%) 0% 4% 0% 3% 4% 2% 0% 3% 3% 2% 2% 3%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 3.1 14.7 6.9 18.5 18.5 31.5 53.4 53.4 53.4
Effective Green, g (s) 3.1 14.7 6.9 18.5 18.5 31.5 53.4 53.4 53.4
Actuated g/C Ratio 0.03 0.16 0.08 0.21 0.21 0.35 0.59 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 294 134 376 325 619 734 1105 930
v/s Ratio Prot 0.01 c0.10 0.02 c0.12 c0.12 0.11
v/s Ratio Perm 0.05 0.10 c0.26 0.01
v/c Ratio 0.34 0.59 0.24 0.59 0.22 0.28 0.63 0.19 0.02
Uniform Delay, d1 42.4 34.9 39.1 32.3 29.7 21.1 10.9 8.4 7.5
Progression Factor 0.91 1.02 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.2 3.0 0.9 2.3 0.3 1.1 1.8 0.4 0.0
Delay (s) 41.9 38.5 40.0 34.7 30.1 22.2 12.7 8.8 7.6
Level of Service D D D C C C B A A
Approach Delay (s) 38.8 32.3 22.2 11.3
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 23.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 64.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1530 1330 0 1910 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1611 1400 0 2011 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.59
vC, conflicting volume 3011 2616 805
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3011 2353 805
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 116 18 330

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 805 805 1400 1005 1005
Volume Left 0 0 0 0 0
Volume Right 0 0 1400 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.47 0.47 0.82 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 85.7% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (vph) 5 800 0 840 120 160 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00
Flt Protected 0.95 1.00 1.00 0.95
Satd. Flow (prot) 1805 1624 1528 1487
Flt Permitted 0.16 1.00 1.00 0.95
Satd. Flow (perm) 311 1624 1528 1487
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 5 870 0 913 130 174 5
RTOR Reduction (vph) 0 0 0 5 0 1 0
Lane Group Flow (vph) 5 870 0 1038 0 178 0
Heavy Vehicles (%) 0% 17% 2% 17% 57% 22% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 65.7 65.7 65.7 14.3
Effective Green, g (s) 65.7 65.7 65.7 14.3
Actuated g/C Ratio 0.73 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 227 1186 1115 236
v/s Ratio Prot 0.54 c0.68 c0.12
v/s Ratio Perm 0.02
v/c Ratio 0.02 0.73 0.93 0.75
Uniform Delay, d1 3.3 7.1 10.2 36.2
Progression Factor 1.00 1.00 0.72 1.00
Incremental Delay, d2 0.2 4.0 10.2 12.8
Delay (s) 3.5 11.1 17.5 49.0
Level of Service A B B D
Approach Delay (s) 11.1 17.5 49.0
Approach LOS B B D

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 69.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 740 220 120 150 0 0 0 0 10 0 810
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1572 1752 1743 1805 1302
Flt Permitted 1.00 0.07 1.00 0.95 1.00
Satd. Flow (perm) 1572 124 1743 1805 1302
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 804 239 130 163 0 0 0 0 11 0 880
RTOR Reduction (vph) 0 11 0 0 0 0 0 0 0 0 0 611
Lane Group Flow (vph) 0 1032 0 130 163 0 0 0 0 11 0 269
Heavy Vehicles (%) 0% 21% 4% 3% 9% 0% 0% 0% 0% 0% 0% 24%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 3 6
Actuated Green, G (s) 54.7 75.0 75.0 5.0 25.3
Effective Green, g (s) 54.7 75.0 75.0 5.0 25.3
Actuated g/C Ratio 0.61 0.83 0.83 0.06 0.28
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 955 380 1453 100 366
v/s Ratio Prot c0.66 0.06 0.09 0.01
v/s Ratio Perm 0.23 c0.21
v/c Ratio 1.08 0.34 0.11 0.11 0.73
Uniform Delay, d1 17.6 18.2 1.4 40.4 29.3
Progression Factor 1.03 0.75 0.88 1.00 1.00
Incremental Delay, d2 49.1 0.5 0.0 0.5 7.5
Delay (s) 67.3 14.2 1.2 40.9 36.8
Level of Service E B A D D
Approach Delay (s) 67.3 7.0 0.0 36.8
Approach LOS E A A D

Intersection Summary
HCM Average Control Delay 47.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 650 90 0 0 200 20 70 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1792 1795 1641 1583
Flt Permitted 0.45 1.00 1.00 0.95 1.00
Satd. Flow (perm) 691 1792 1795 1641 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 707 98 0 0 217 22 76 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 3 0 0 0 49 0 0 0
Lane Group Flow (vph) 707 98 0 0 236 0 76 0 5 0 0 0
Heavy Vehicles (%) 24% 6% 0% 0% 5% 0% 10% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 71.6 71.6 30.1 8.4 8.4
Effective Green, g (s) 71.6 71.6 30.1 8.4 8.4
Actuated g/C Ratio 0.80 0.80 0.33 0.09 0.09
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 860 1426 600 153 148
v/s Ratio Prot c0.33 0.05 0.13
v/s Ratio Perm c0.32 c0.05 0.00
v/c Ratio 0.82 0.07 0.39 0.50 0.03
Uniform Delay, d1 5.9 2.0 22.9 38.8 37.1
Progression Factor 0.63 0.03 0.45 1.00 1.00
Incremental Delay, d2 0.6 0.0 0.4 2.5 0.1
Delay (s) 4.3 0.1 10.8 41.3 37.2
Level of Service A A B D D
Approach Delay (s) 3.8 10.8 39.6 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 9.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 140 10 5 220 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 152 11 5 239 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 163 408 158
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 163 408 158
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1428 601 893

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 163 245 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1428 675
Volume to Capacity 0.10 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.5
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.5
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 25.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 130 10 10 80 40 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 141 11 11 87 43 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 348 54
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 348 54
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 87 90 84
cM capacity (veh/h) 1054 425 793

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 152 98 43 130
Volume Left 141 0 43 0
Volume Right 0 87 0 130
cSH 1054 1700 425 793
Volume to Capacity 0.13 0.06 0.10 0.16
Queue Length 95th (ft) 12 0 8 15
Control Delay (s) 8.4 0.0 14.4 10.4
Lane LOS A B B
Approach Delay (s) 8.4 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 10 10 5 150 190 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 5 163 207 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 383 209 212
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 383 209 212
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 100
cM capacity (veh/h) 621 836 1370

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 11 11 168 212
Volume Left 11 0 5 0
Volume Right 0 11 0 5
cSH 621 836 1370 1700
Volume to Capacity 0.02 0.01 0.00 0.12
Queue Length 95th (ft) 1 1 0 0
Control Delay (s) 10.9 9.4 0.3 0.0
Lane LOS B A A
Approach Delay (s) 10.1 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 21.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action - (Improved+Mitigated)
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 50 90 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 54 98 0 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 152 98
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 152 98
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1508 844 964

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 54 98 11
Volume Left 0 0 5
Volume Right 0 0 5
cSH 1508 1700 900
Volume to Capacity 0.00 0.06 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.0
Lane LOS A
Approach Delay (s) 0.0 0.0 9.0
Approach LOS A

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1185           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     329            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               688            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               688            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1450           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     403            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               838            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               838            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1950           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     542            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1116           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1116           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.9           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3260           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     906            v                   
Trucks and buses                            4              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.980                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1847           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1847           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              67.3           mi/h                
Number of lanes, N                          2                                  
Density, D                                  27.4           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1490           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     414            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               865            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               865            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.4           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   580            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     161            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               351            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               351            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.0            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   530            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     147            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               321            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               321            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.6            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   495            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     138            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               301            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               301            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   695            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     193            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               427            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               427            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.1            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   780            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     217            v                   
Trucks and buses                            19             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.913                              
Driver population factor, fp                1.00                               
Flow rate, vp                               475            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               475            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  6.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   970            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     269            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               582            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               582            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  8.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1850           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     514            v                   
Trucks and buses                            10             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.952                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1079           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1079           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.4           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3090           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     858            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1777           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1777           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              68.1           mi/h                
Number of lanes, N                          2                                  
Density, D                                  26.1           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2080           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     578            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1208           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1208           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  17.3           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1630           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     453            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               955            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               955            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  13.6           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     383            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               817            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               817            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1185           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1185        15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                329         4                     v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1376        18                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1376   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1376          4800            No
      Fi   F
     v  = v - v            1358          4800            No
      FO   F   R
     v                     18            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1376          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.9     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1170           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1170        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                325         78                    v
Trucks and buses                       9           1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1359        316                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1359   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1675          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1359          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.286
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1450           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              90             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1450        90                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                403         25                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1676        103                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1676   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1676          4800            No                    
      Fi   F                                                                   
     v  = v - v            1573          4800            No                    
      FO   F   R                                                               
     v                     103           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1676          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.437                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1360           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              590            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1360        590                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                378         164                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1572        675                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1572   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2247          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1572          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.7    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1950           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              240            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1950        240                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                542         67                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2232        295                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2232   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2232          4800            No                    
      Fi   F                                                                   
     v  = v - v            1937          4800            No                    
      FO   F   R                                                               
     v                     295           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2232          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.2    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.455                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3129           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              131            vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3129        131                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                869         36                    v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3581        150                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  3581   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3731          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3581          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.414                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.4    mph                  
_______________________________________________________________________________
                                                                               

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1710           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1419           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1710        1419                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                475         394                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1957        1624                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1957   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3581          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1957          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.426                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1490           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              970            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1490        970                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                414         269                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1730        1126                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1730   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1730          4800            No                    
      Fi   F                                                                   
     v  = v - v            604           4800            No                    
      FO   F   R                                                               
     v                     1126          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1730          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.9    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.399                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.8    mph                  
_______________________________________________________________________________

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           520            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              60             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        520         60                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                144         17                    v     
Trucks and buses                       9           17                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.797                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          604         84                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  604    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     688           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                604           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.8     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.273                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           580            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              100            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        580         100                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                161         28                    v     
Trucks and buses                       18          13                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.837                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          702         133                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  702    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                702           4800            No                    
      Fi   F                                                                   
     v  = v - v            569           4800            No                    
      FO   F   R                                                               
     v                     133           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                702           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.1     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.440                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           480            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              50             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        480         50                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                133         14                    v     
Trucks and buses                       18          4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          581         59                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  581    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     640           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                581           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.4     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           530            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        530         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                147         14                    v
Trucks and buses                       18          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          642         59                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  642    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                642           4800            No
      Fi   F
     v  = v - v            583           4800            No
      FO   F   R
     v                     59            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                642           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.433
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         4                     v
Trucks and buses                       18          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          581         17                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  581    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     598           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                581           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.1     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2010 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           695            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        695         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                193         4                     v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          849         17                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  849    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                849           4800            No
      Fi   F
     v  = v - v            832           4800            No
      FO   F   R
     v                     17            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                849           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.4     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           680            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        680         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                189         28                    v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          831         118                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  831    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     949           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                831           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.8     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           780            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        780         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                217         17                    v
Trucks and buses                       18          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          945         74                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  945    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                945           4800            No
      Fi   F
     v  = v - v            871           4800            No
      FO   F   R
     v                     74            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                945           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.435
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           720            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              250            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        720         250                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                200         69                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          872         303                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  872    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1175          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                872           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.5     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.278
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           970            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              120            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        970         120                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                269         33                    v     
Trucks and buses                       16          8                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.893                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1164        149                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1164   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1164          4800            No                    
      Fi   F                                                                   
     v  = v - v            1015          4800            No                    
      FO   F   R                                                               
     v                     149           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1164          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   7.1     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.441                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.6    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1826           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              24             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1826        24                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                507         7                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2191        28                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2191   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2219          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2191          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.287                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.0    mph                  
_______________________________________________________________________________
                                                                               

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           850            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              976            vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        850         976                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                236         271                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1020        1133                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1020   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2153          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1020          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   18.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.320                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3090           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1320           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3090        1320                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                858         367                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3553        1511                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  3553   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                3553          4800            No                    
      Fi   F                                                                   
     v  = v - v            2042          4800            No                    
      FO   F   R                                                               
     v                     1511          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3553          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   27.6    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.434                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1770           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              310            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1770        310                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                492         86                    v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2035        360                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2035   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2395          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2035          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.308                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2080           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              540            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2080        540                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                578         150                   v     
Trucks and buses                       9           4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2415        636                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2415   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2415          4800            No                    
      Fi   F                                                                   
     v  = v - v            1779          4800            No                    
      FO   F   R                                                               
     v                     636           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2415          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.485                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.4    mph                  
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1540           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              90             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1540        90                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                428         25                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1788        109                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1788   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1897          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1788          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.291                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.9    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.9    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         78                    v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1911        316                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1911   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1911          4800            No
      Fi   F
     v  = v - v            1595          4800            No
      FO   F   R
     v                     316           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1911          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              30             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        30                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         8                     v
Trucks and buses                       11          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1583        37                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1583   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1620          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1583          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1195           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     332            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               694            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               694            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     406            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               844            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               844            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2070           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     575            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1208           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1208           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  17.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     939            v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1934           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1934           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.0           mi/h
Number of lanes, N                          2
Density, D                                  29.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               920            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               920            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   670            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     186            v
Trucks and buses                            23             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.897
Driver population factor, fp                1.00
Flow rate, vp                               415            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               415            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   540            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     150            v
Trucks and buses                            18             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.917
Driver population factor, fp                1.00
Flow rate, vp                               327            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               327            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.7            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   505            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     140            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               307            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               307            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.4            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   695            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     193            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               425            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               425            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.1            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   780            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     217            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               475            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               475            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1040           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     289            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               638            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               638            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.1            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     533            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1136           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1136           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3170           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     881            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1840           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1840           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.4           mi/h
Number of lanes, N                          2
Density, D                                  27.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2160           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     600            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1278           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1278           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  18.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1630           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     453            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               955            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               955            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.6           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 12:59:54 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     383            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               817            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               817            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Proposed Action - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1195           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1195        15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                332         4                     v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1388        18                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1388   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1388          4800            No
      Fi   F
     v  = v - v            1370          4800            No
      FO   F   R
     v                     18            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1388          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.0     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1180           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1180        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                328         78                    v
Trucks and buses                       9           1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1370        316                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1370   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1686          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1370          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.286
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1460        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                406         25                    v
Trucks and buses                       8           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1687        106                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1687   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1687          4800            No
      Fi   F
     v  = v - v            1581          4800            No
      FO   F   R
     v                     106           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1687          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.438
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1370           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              700            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1370        700                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                381         194                   v
Trucks and buses                       8           12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1583        918                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1583   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2501          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1583          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.313
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2070           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              240            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2070        240                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                575         67                    v
Trucks and buses                       10          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2415        295                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2415   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2415          4800            No
      Fi   F
     v  = v - v            2120          4800            No
      FO   F   R
     v                     295           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2415          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3250        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                903         36                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        149                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3792   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3941          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3792          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.4    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1830           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1420           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1830        1420                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                508         394                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2135        1625                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3760          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.453
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              970            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        970                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         269                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1840        1126                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1840   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1840          4800            No
      Fi   F
     v  = v - v            714           4800            No
      FO   F   R
     v                     1126          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1840          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.399
                                              S
Space mean speed in ramp influence area,     S  = 58.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.8    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           600            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        600         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                167         19                    v
Trucks and buses                       11          16                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.806
Driver population factor, fP           1.00        1.00
Flow rate, vp                          703         96                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  703    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     799           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                703           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         53                    v
Trucks and buses                       23          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          830         211                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  830    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                830           4800            No
      Fi   F
     v  = v - v            619           4800            No
      FO   F   R
     v                     211           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                830           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.447
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         17                    v
Trucks and buses                       23          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          595         74                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  595    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     669           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                595           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           540            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        540         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                150         14                    v
Trucks and buses                       18          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          654         59                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  654    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                654           4800            No
      Fi   F
     v  = v - v            595           4800            No
      FO   F   R
     v                     59            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                654           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.7     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.433
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           490            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        490         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                136         4                     v
Trucks and buses                       18          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          593         17                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  593    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     610           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                593           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.2     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2010 Proposed Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           695            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        695         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                193         4                     v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          849         17                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  849    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                849           4800            No
      Fi   F
     v  = v - v            832           4800            No
      FO   F   R
     v                     17            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                849           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.4     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           680            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        680         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                189         28                    v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          831         118                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  831    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     949           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                831           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.8     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           780            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        780         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                217         17                    v
Trucks and buses                       19          12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          949         79                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  949    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                949           4800            No
      Fi   F
     v  = v - v            870           4800            No
      FO   F   R
     v                     79            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                949           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.435
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           720            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              320            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        720         320                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                200         89                    v
Trucks and buses                       19          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          876         356                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  876    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1232          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                876           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.9     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.278
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1040           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1040        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                289         33                    v
Trucks and buses                       21          9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1277        151                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1277   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1277          4800            No
      Fi   F
     v  = v - v            1126          4800            No
      FO   F   R
     v                     151           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1277          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.0     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1900           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1900        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                528         6                     v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2333        23                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2333   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2356          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2333          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           920            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              980            vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        920         980                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                256         272                   v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1130        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1130   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2268          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1130          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.324
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3170           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1320           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3170        1320                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                881         367                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3681        1511                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3681   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3681          4800            No
      Fi   F
     v  = v - v            2170          4800            No
      FO   F   R
     v                     1511          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3681          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   28.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.434
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1850           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              310            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1850        310                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                514         86                    v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2148        365                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2148   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2513          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2148          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.313
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2160           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              630            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2160        630                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                600         175                   v
Trucks and buses                       13          17                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.797
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2556        878                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2556   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2556          4800            No
      Fi   F
     v  = v - v            1678          4800            No
      FO   F   R
     v                     878           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2556          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.507
                                              S
Space mean speed in ramp influence area,     S  = 55.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 55.8    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1530           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1530        100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                425         28                    v
Trucks and buses                       13          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1811        123                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1811   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1934          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1811          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         78                    v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1911        316                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1911   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1911          4800            No
      Fi   F
     v  = v - v            1595          4800            No
      FO   F   R
     v                     316           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1911          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 12:59:54 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              30             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        30                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         8                     v
Trucks and buses                       11          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1583        37                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1583   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1620          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1583          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Proposed Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1295           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     360            v                   
Trucks and buses                            10             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.952                              
Driver population factor, fp                1.00                               
Flow rate, vp                               755            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               755            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  10.8           pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1700           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     472            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               982            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               982            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2270           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     631            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1299           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1299           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  18.6           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3770           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     1047           v                   
Trucks and buses                            4              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.980                              
Driver population factor, fp                1.00                               
Flow rate, vp                               2136           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               2136           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              61.8           mi/h                
Number of lanes, N                          2                                  
Density, D                                  34.5           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1710           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     475            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               993            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               993            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   670            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     186            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               406            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               406            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   620            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     172            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               375            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               375            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.4            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   555            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     154            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               336            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               336            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:03:18 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   775            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     215            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               476            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               476            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   910            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     253            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               551            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               551            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  7.9            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1130           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     314            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               678            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               678            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  9.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2140           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     594            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1242           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1242           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  17.7           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3580           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     994            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               2058           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               2058           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              63.7           mi/h                
Number of lanes, N                          2                                  
Density, D                                  32.3           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2420           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     672            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1405           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1405           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  20.1           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1910           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     531            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1119           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1119           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  16.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:03:18 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1530           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     425            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               905            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               905            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1295           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1295        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                360         7                     v
Trucks and buses                       10          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1511        29                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1511   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1511          4800            No
      Fi   F
     v  = v - v            1482          4800            No
      FO   F   R
     v                     29            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1511          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.0+   pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1270           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1270        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                353         119                   v
Trucks and buses                       10          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1482        485                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1482   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1967          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1482          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.293
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1700           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              110            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1700        110                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                472         31                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1964        126                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1964   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1964          4800            No                    
      Fi   F                                                                   
     v  = v - v            1838          4800            No                    
      FO   F   R                                                               
     v                     126           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1964          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.9    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.439                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1590           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              680            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1590        680                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                442         189                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1837        778                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1837   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2615          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1837          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.318                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2270           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              270            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2270        270                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                631         75                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2598        332                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2598   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2598          4800            No                    
      Fi   F                                                                   
     v  = v - v            2266          4800            No                    
      FO   F   R                                                               
     v                     332           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2598          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.4    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.458                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.2    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3630           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              140            vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3630        140                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                1008        39                    v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          4154        160                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  4154   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     4314          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                4154          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   32.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.542                        
                                              S                                
Space mean speed in ramp influence area,     S  = 54.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 54.8    mph                  
_______________________________________________________________________________
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2000           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1630           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2000        1630                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                556         453                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2289        1865                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2289   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     4154          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2289          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   33.9    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.534                        
                                              S                                
Space mean speed in ramp influence area,     S  = 55.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 55.0    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1710           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1120           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1710        1120                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                475         311                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1986        1300                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1986   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1986          4800            No                    
      Fi   F                                                                   
     v  = v - v            686           4800            No                    
      FO   F   R                                                               
     v                     1300          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1986          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.1    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.415                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.4    mph                  
_______________________________________________________________________________

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           590            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              80             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        590         80                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                164         22                    v
Trucks and buses                       9           14                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.826
Driver population factor, fP           1.00        1.00
Flow rate, vp                          685         108                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  685    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     793           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                685           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         31                    v
Trucks and buses                       18          12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          811         144                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  811    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                811           4800            No
      Fi   F
     v  = v - v            667           4800            No
      FO   F   R
     v                     144           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                811           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.0     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.441
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           560            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        560         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                156         17                    v
Trucks and buses                       18          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          678         70                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  678    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     748           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                678           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           620            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        620         90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                172         25                    v
Trucks and buses                       18          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          751         103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  751    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                751           4800            No
      Fi   F
     v  = v - v            648           4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                751           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               13 Sunflower Entr                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           530            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              25             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        530         25                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                147         7                     v     
Trucks and buses                       18          0                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       1.000                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          642         28                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  642    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     670           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                642           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.7     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.273                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

2015 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           775            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        775         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                215         7                     v
Trucks and buses                       21          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          952         28                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  952    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                952           4800            No
      Fi   F
     v  = v - v            924           4800            No
      FO   F   R
     v                     28            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                952           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           750            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        750         160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                208         44                    v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          921         186                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  921    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1107          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                921           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.0     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.277
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           910            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        910         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                253         19                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1102        85                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1102   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1102          4800            No
      Fi   F
     v  = v - v            1017          4800            No
      FO   F   R
     v                     85            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1102          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.436
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           840            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              290            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        840         290                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                233         81                    v     
Trucks and buses                       18          6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1017        351                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1017   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1368          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1017          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.280                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.2    mph                  
_______________________________________________________________________________
                                                                               

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1130           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              130            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1130        130                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                314         36                    v     
Trucks and buses                       16          8                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.893                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1356        162                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1356   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1356          4800            No                    
      Fi   F                                                                   
     v  = v - v            1194          4800            No                    
      FO   F   R                                                               
     v                     162           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1356          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.443                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.6    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2120           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              20             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2120        20                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                589         6                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2544        23                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2544   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2567          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2544          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
                                                                               

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1000           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1120           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1000        1120                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                278         311                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1200        1300                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1200   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2500          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1200          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.334                        
                                              S                                
Space mean speed in ramp influence area,     S  = 60.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 60.7    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3580           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1520           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3580        1520                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                994         422                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          4117        1740                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  4117   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                4117          4800            No                    
      Fi   F                                                                   
     v  = v - v            2377          4800            No                    
      FO   F   R                                                               
     v                     1740          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                4117          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   32.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence D                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.455                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2060           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              360            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2060        360                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                572         100                   v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2369        418                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2369   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2787          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2369          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.328                        
                                              S                                
Space mean speed in ramp influence area,     S  = 60.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 60.8    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2420           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              620            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2420        620                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                672         172                   v     
Trucks and buses                       9           4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2810        730                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2810   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2810          4800            No                    
      Fi   F                                                                   
     v  = v - v            2080          4800            No                    
      FO   F   R                                                               
     v                     730           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2810          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.2    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.494                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.2    mph                  
_______________________________________________________________________________

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1800           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              110            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1800        110                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                500         31                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2090        133                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2090   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2223          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2090          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.7    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.301                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.6    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               12 Sunflower Exit                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1910           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              440            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1910        440                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                531         122                   v     
Trucks and buses                       11          1                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.948       0.985                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2239        496                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2239   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2239          4800            No                    
      Fi   F                                                                   
     v  = v - v            1743          4800            No                    
      FO   F   R                                                               
     v                     496           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2239          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.473                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.8    mph                  
_______________________________________________________________________________

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1910           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1910        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                531         117                   v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2239        474                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2239   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2239          4800            No
      Fi   F
     v  = v - v            1765          4800            No
      FO   F   R
     v                     474           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2239          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1490           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              40             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1490        40                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                414         11                    v
Trucks and buses                       11          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1747        48                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1747   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1795          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1747          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.288
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2015 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1305           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     363            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               761            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               761            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.9           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1710           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     475            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               988            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               988            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  14.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2390           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     664            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1394           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1394           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  19.9           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3880           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1078           v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               2220           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2220           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              59.5           mi/h
Number of lanes, N                          2
Density, D                                  37.3           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1810           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     503            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1061           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1061           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  15.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   770            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     214            v
Trucks and buses                            24             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.893
Driver population factor, fp                1.00
Flow rate, vp                               479            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               479            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   630            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     175            v
Trucks and buses                            18             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.917
Driver population factor, fp                1.00
Flow rate, vp                               382            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               382            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.5            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   565            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     157            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               345            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               345            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   775            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     215            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               478            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               478            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   910            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     253            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               554            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               554            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  7.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1220           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     339            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               749            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               749            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.7           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2230           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     619            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1319           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1319           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  18.8           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3680           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1022           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               2136           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2136           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              61.8           mi/h
Number of lanes, N                          2
Density, D                                  34.5           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2520           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     700            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1491           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1491           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.8           mi/h
Number of lanes, N                          2
Density, D                                  21.4           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1910           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     531            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1119           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1119           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.0           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:54:13 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1530           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     425            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               905            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               905            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1305           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1305        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                363         7                     v
Trucks and buses                       10          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1523        29                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1523   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1523          4800            No
      Fi   F
     v  = v - v            1494          4800            No
      FO   F   R
     v                     29            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1523          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1280           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1280        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                356         119                   v
Trucks and buses                       10          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1493        485                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1493   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1978          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1493          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.293
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1710           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1710        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                475         33                    v
Trucks and buses                       8           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1976        139                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1976   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1976          4800            No
      Fi   F
     v  = v - v            1837          4800            No
      FO   F   R
     v                     139           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1976          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.441
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1590           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              800            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1590        800                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                442         222                   v
Trucks and buses                       8           13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1837        1062                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1837   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2899          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1837          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.336
                                              S
Space mean speed in ramp influence area,     S  = 60.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.6    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2390           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2390        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                664         78                    v
Trucks and buses                       10          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2788        344                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2788   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2788          4800            No
      Fi   F
     v  = v - v            2444          4800            No
      FO   F   R
     v                     344           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2788          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.459
                                              S
Space mean speed in ramp influence area,     S  = 57.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3740           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              140            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3740        140                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1039        39                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4363        160                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  4363   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4523          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4363          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   34.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.610
                                              S
Space mean speed in ramp influence area,     S  = 52.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 52.9    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2110           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1630           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2110        1630                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                586         453                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2462        1865                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2462   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4327          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2462          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   35.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.581
                                              S
Space mean speed in ramp influence area,     S  = 53.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 53.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1810           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1120           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1810        1120                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                503         311                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2122        1300                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2122   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2122          4800            No
      Fi   F
     v  = v - v            822           4800            No
      FO   F   R
     v                     1300          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2122          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   15.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.415
                                              S
Space mean speed in ramp influence area,     S  = 58.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.4    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           690            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              80             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        690         80                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                192         22                    v
Trucks and buses                       11          15                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.816
Driver population factor, fP           1.00        1.00
Flow rate, vp                          809         109                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  809    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     918           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                809           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           770            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              210            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        770         210                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                214         58                    v
Trucks and buses                       24          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          958         233                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  958    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                958           4800            No
      Fi   F
     v  = v - v            725           4800            No
      FO   F   R
     v                     233           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                958           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.449
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.4    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           560            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        560         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                156         19                    v
Trucks and buses                       24          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          697         86                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  697    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     783           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                697           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.5     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           630            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        630         90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                175         25                    v
Trucks and buses                       18          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          763         103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  763    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                763           4800            No
      Fi   F
     v  = v - v            660           4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                763           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           540            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        540         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                150         7                     v
Trucks and buses                       18          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          654         28                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  654    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     682           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                654           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.8     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2015 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           775            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        775         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                215         7                     v
Trucks and buses                       22          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          956         28                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  956    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                956           4800            No
      Fi   F
     v  = v - v            928           4800            No
      FO   F   R
     v                     28            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                956           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           750            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        750         160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                208         44                    v
Trucks and buses                       22          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          925         186                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  925    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1111          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                925           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.0     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.277
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

 
2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           910            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        910         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                253         19                    v
Trucks and buses                       19          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1107        91                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1107   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1107          4800            No
      Fi   F
     v  = v - v            1016          4800            No
      FO   F   R
     v                     91            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1107          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.436
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           840            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              380            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        840         380                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                233         106                   v
Trucks and buses                       19          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1022        422                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1022   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1444          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1022          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.282
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

 
2015 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1220           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1220        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                339         36                    v
Trucks and buses                       21          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1498        168                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1498   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1498          4800            No
      Fi   F
     v  = v - v            1330          4800            No
      FO   F   R
     v                     168           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1498          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.9     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.443
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2210           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2210        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                614         6                     v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2713        23                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2713   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2736          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2713          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.311
                                              S
Space mean speed in ramp influence area,     S  = 61.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.3    mph
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1090           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1120           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1090        1120                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                303         311                   v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1338        1300                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1338   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2638          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1338          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.341
                                              S
Space mean speed in ramp influence area,     S  = 60.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3680           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3680        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1022        422                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4273        1740                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4273   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4273          4800            No
      Fi   F
     v  = v - v            2533          4800            No
      FO   F   R
     v                     1740          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4273          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   33.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2160           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              360            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2160        360                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                600         100                   v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2508        424                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2508   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2932          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2508          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   23.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.338
                                              S
Space mean speed in ramp influence area,     S  = 60.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2520           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              720            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2520        720                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                700         200                   v
Trucks and buses                       13          18                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.787
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2982        1016                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2982   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2982          4800            No
      Fi   F
     v  = v - v            1966          4800            No
      FO   F   R
     v                     1016          2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2982          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   22.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.519
                                              S
Space mean speed in ramp influence area,     S  = 55.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 55.5    mph
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1800           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1800        110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                500         31                    v
Trucks and buses                       13          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2130        137                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2130   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2267          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2130          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   18.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.303
                                              S
Space mean speed in ramp influence area,     S  = 61.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1910           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1910        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                531         117                   v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2239        474                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2239   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2239          4800            No
      Fi   F
     v  = v - v            1765          4800            No
      FO   F   R
     v                     474           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2239          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.8    mph
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:54:13 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1490           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              40             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1490        40                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                414         11                    v
Trucks and buses                       11          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1747        48                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1747   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1795          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1747          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.288
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2400           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     667            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1393           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1393           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  19.9           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4360           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1211           v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1663           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1663           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.1           mi/h
Number of lanes, N                          3
Density, D                                  24.1           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     811            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1687           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1687           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.9           mi/h
Number of lanes, N                          2
Density, D                                  24.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5690           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1581           v
Trucks and buses                            5              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.976
Driver population factor, fp                1.00
Flow rate, vp                               2160           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2160           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              61.2           mi/h
Number of lanes, N                          3
Density, D                                  35.3           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3260           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     906            v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               1250           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1250           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  17.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3480           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     967            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1347           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1347           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1630           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     453            v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               649            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               649            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  9.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1190           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     331            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               727            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               727            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.4           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2280           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     633            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               899            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               899            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  12.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1270           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     353            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               773            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               773            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.0+          pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1350           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     375            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               829            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               829            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1540           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     428            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               937            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               937            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.4           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1960           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     544            v
Trucks and buses                            16             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.926
Driver population factor, fp                1.00
Flow rate, vp                               784            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               784            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  11.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2760           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     767            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1084           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1084           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  15.5           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1167           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1626           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1626           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.3           mi/h
Number of lanes, N                          3
Density, D                                  23.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1517           v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               2093           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2093           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              62.9           mi/h
Number of lanes, N                          3
Density, D                                  33.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4670           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1297           v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1799           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1799           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.9           mi/h
Number of lanes, N                          3
Density, D                                  26.5           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     961            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1346           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1346           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     889            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1876           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1876           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.9           mi/h
Number of lanes, N                          2
Density, D                                  28.0           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2730           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     758            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1608           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1608           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.4           mi/h
Number of lanes, N                          2
Density, D                                  23.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner No Action - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2400           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2400        160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                667         44                    v
Trucks and buses                       9           6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2787        194                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2787   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2787          4800            No
      Fi   F
     v  = v - v            2593          4800            No
      FO   F   R
     v                     194           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2787          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2240           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              680            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2240        680                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                622         189                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2601        778                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2601   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3379          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2601          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.379
                                              S
Space mean speed in ramp influence area,     S  = 59.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.4    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2920           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              260            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2920        260                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                811         72                    v
Trucks and buses                       8           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3374        298                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3374   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3374          4800            No
      Fi   F
     v  = v - v            3076          4800            No
      FO   F   R
     v                     298           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3374          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2660           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              600            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2660        600                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                739         167                   v
Trucks and buses                       8           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3074        687                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1844   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3761          7200            No
      FO
     v     v               1230 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1844          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.314
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  = 67.4    mph
                                              0
Space mean speed for all vehicles,           S  = 63.1    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3260           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3260        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                906         117                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3749        481                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.644   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2586   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3749          7200            No
      Fi   F
     v  = v - v            3268          7200            No
      FO   F   R
     v                     481           2000            No
      R
     v     v               1163 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2586          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  = 76.2    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2840           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2840        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                789         422                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3266        1740                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1959   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5006          7200            No
      FO
     v     v               1307 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1959          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.423
                                              S
Space mean speed in ramp influence area,     S  = 58.2    mph
                                              R
Space mean speed in outer lanes,             S  = 67.1    mph
                                              0
Space mean speed for all vehicles,           S  = 60.3    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4360           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              890            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4360        890                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1211        247                   v
Trucks and buses                       6           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4990        1048                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.587   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3362   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4990          7200            No
      Fi   F
     v  = v - v            3942          7200            No
      FO   F   R
     v                     1048          2000            No
      R
     v     v               1628 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3362          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.522
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 74.3    mph
                                              0
Space mean speed for all vehicles,           S  = 60.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5140           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              550            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5140        550                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1428        153                   v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5882        629                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  3562   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6511          7200            No
      FO
     v     v               2320 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3562          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   31.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.509
                                              S
Space mean speed in ramp influence area,     S  = 55.8    mph
                                              R
Space mean speed in outer lanes,             S  = 63.3    mph
                                              0
Space mean speed for all vehicles,           S  = 58.2    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3470           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1670           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3470        1670                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                964         464                   v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3971        1911                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  2349   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5882          7200            No
      FO
     v     v               1622 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2349          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   34.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.562
                                              S
Space mean speed in ramp influence area,     S  = 54.3    mph
                                              R
Space mean speed in outer lanes,             S  = 66.0    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3480           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3480        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                967         447                   v
Trucks and buses                       9           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4041        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2846   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4041          7200            No
      Fi   F
     v  = v - v            2172          7200            No
      FO   F   R
     v                     1869          4100            No
      R
     v     v               1195 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2846          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.8     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.466
                                              S
Space mean speed in ramp influence area,     S  = 56.9    mph
                                              R
Space mean speed in outer lanes,             S  = 76.0    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1870           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              410            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1870        410                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                519         114                   v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2171        503                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1302   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2674          7200            No
      FO
     v     v               869  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1302          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.289
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  = 68.7    mph
                                              0
Space mean speed for all vehicles,           S  = 64.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2280           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              830            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2280        830                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                633         231                   v
Trucks and buses                       13          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2698        1019                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.646   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2103   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2698          7200            No
      Fi   F
     v  = v - v            1679          7200            No
      FO   F   R
     v                     1019          2000            No
      R
     v     v               595  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2103          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   15.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.520
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.1    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1450           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1450        180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                403         50                    v
Trucks and buses                       13          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1716        209                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1029   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1925          7200            No
      FO
     v     v               687  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1029          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.0+   pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.278
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 64.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              470            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        470                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         131                   v
Trucks and buses                       15          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1947        538                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.687   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1505   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1947          7200            No
      Fi   F
     v  = v - v            1409          7200            No
      FO   F   R
     v                     538           2000            No
      R
     v     v               442  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1505          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.0-   pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 60.2    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1160           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1160        110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                322         31                    v
Trucks and buses                       15          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1386        126                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1386   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1512          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1386          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.283
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1270           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              170            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1270        170                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                353         47                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1545        200                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1545   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1545          4800            No
      Fi   F
     v  = v - v            1345          4800            No
      FO   F   R
     v                     200           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1545          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.446
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1100           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1100        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                306         25                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1338        103                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1338   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1441          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1338          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.281
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2030 Gardner No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         25                    v
Trucks and buses                       21          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1658        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1658   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1658          4800            No
      Fi   F
     v  = v - v            1555          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1658          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1260           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1260        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                350         78                    v
Trucks and buses                       21          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1547        330                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1547   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1877          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1547          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.290
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1540           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1540        100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                428         28                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1874        114                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1874   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1874          4800            No
      Fi   F
     v  = v - v            1760          4800            No
      FO   F   R
     v                     114           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1874          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.438
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1440           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              520            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1440        520                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                400         144                   v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1752        595                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1051   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2347          7200            No
      FO
     v     v               701  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1051          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 64.0    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1960           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              210            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1960        210                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                544         58                    v
Trucks and buses                       16          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2352        251                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.690   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1700   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2352          7200            No
      Fi   F
     v  = v - v            2101          7200            No
      FO   F   R
     v                     251           2000            No
      R
     v     v               652  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1700          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.451
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1750           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1010           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1750        1010                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                486         281                   v
Trucks and buses                       16          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2100        1190                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1260   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3290          7200            No
      FO
     v     v               840  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1260          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.310
                                              S
Space mean speed in ramp influence area,     S  = 61.3    mph
                                              R
Space mean speed in outer lanes,             S  = 68.8    mph
                                              0
Space mean speed for all vehicles,           S  = 63.1    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2760           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              490            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2760        490                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                767         136                   v
Trucks and buses                       12          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3251        610                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.651   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2328   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3251          7200            No
      Fi   F
     v  = v - v            2641          7200            No
      FO   F   R
     v                     610           2000            No
      R
     v     v               923  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2328          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.483
                                              S
Space mean speed in ramp influence area,     S  = 56.5    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3620           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              580            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3620        580                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1006        161                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4264        673                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  2582   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4937          7200            No
      FO
     v     v               1682 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2582          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   24.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.352
                                              S
Space mean speed in ramp influence area,     S  = 60.1    mph
                                              R
Space mean speed in outer lanes,             S  = 65.7    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2270           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1350           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2270        1350                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                631         375                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2674        1568                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  1582   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4242          7200            No
      FO
     v     v               1092 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1582          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.377
                                              S
Space mean speed in ramp influence area,     S  = 59.4    mph
                                              R
Space mean speed in outer lanes,             S  = 67.9    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1730           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5460        1730                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1517        481                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6279        1980                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3915   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                6279          7200            No
      Fi   F
     v  = v - v            4299          7200            No
      FO   F   R
     v                     1980          4100            No
      R
     v     v               2364 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3915          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 71.5    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3730           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              940            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3730        940                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1036        261                   v
Trucks and buses                       7           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4289        1091                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2573   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5380          7200            No
      FO
     v     v               1716 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2573          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.417
                                              S
Space mean speed in ramp influence area,     S  = 58.3    mph
                                              R
Space mean speed in outer lanes,             S  = 65.6    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4670           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4670        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1297        447                   v
Trucks and buses                       8           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5396        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.539   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3770   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5396          7200            No
      Fi   F
     v  = v - v            3527          7200            No
      FO   F   R
     v                     1869          2000            No
      R
     v     v               1626 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3770          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.596
                                              S
Space mean speed in ramp influence area,     S  = 53.3    mph
                                              R
Space mean speed in outer lanes,             S  = 74.3    mph
                                              0
Space mean speed for all vehicles,           S  = 58.3    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3060           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              400            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3060        400                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                850         111                   v
Trucks and buses                       8           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3536        471                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2121   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4007          7200            No
      FO
     v     v               1415 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2121          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.317
                                              S
Space mean speed in ramp influence area,     S  = 61.1    mph
                                              R
Space mean speed in outer lanes,             S  = 66.7    mph
                                              0
Space mean speed for all vehicles,           S  = 63.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              610            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3460        610                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                961         169                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4037        698                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.627   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2791   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4037          7200            No
      Fi   F
     v  = v - v            3339          7200            No
      FO   F   R
     v                     698           2000            No
      R
     v     v               1246 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2791          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.491
                                              S
Space mean speed in ramp influence area,     S  = 56.3    mph
                                              R
Space mean speed in outer lanes,             S  = 75.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.1    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2850           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              350            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2850        350                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                792         97                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3325        401                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3325   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3726          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3325          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.427
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3200           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              660            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3200        660                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                889         183                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3751        755                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3751   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3751          4800            No
      Fi   F
     v  = v - v            2996          4800            No
      FO   F   R
     v                     755           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3751          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.496
                                              S
Space mean speed in ramp influence area,     S  = 56.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.1    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2540           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2540        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                706         53                    v
Trucks and buses                       11          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2977        224                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2977   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3201          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2977          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.361
                                              S
Space mean speed in ramp influence area,     S  = 59.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.9    mph
_______________________________________________________________________________

2030 Gardner No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2410           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     669            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1399           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1399           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  20.0           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2930           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     814            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1693           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1693           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.9           mi/h
Number of lanes, N                          2
Density, D                                  24.6           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3400           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     944            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1329           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1329           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.0           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4510           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1253           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1746           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1746           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.4           mi/h
Number of lanes, N                          3
Density, D                                  25.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5780           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1606           v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               2216           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2216           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              59.6           mi/h
Number of lanes, N                          3
Density, D                                  37.2           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3590           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     997            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1409           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1409           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  20.1           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2430           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     675            v
Trucks and buses                            17             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.922
Driver population factor, fp                1.00
Flow rate, vp                               977            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               977            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  14.0           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1740           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     483            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               709            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               709            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  10.1           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1280           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     356            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               779            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               779            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     333            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               733            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               733            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.5           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1360           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     378            v
Trucks and buses                            23             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.897
Driver population factor, fp                1.00
Flow rate, vp                               842            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               842            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.0           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1550           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     431            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               913            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               913            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.0           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2100           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     583            v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               836            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               836            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  11.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2910           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     808            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1142           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1142           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  16.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4320           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1200           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1672           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1672           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.0           mi/h
Number of lanes, N                          3
Density, D                                  24.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5610           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1558           v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               2150           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2150           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              61.5           mi/h
Number of lanes, N                          3
Density, D                                  35.0-          pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4810           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1336           v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1853           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1853           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.2           mi/h
Number of lanes, N                          3
Density, D                                  27.6           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3680           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1022           v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1431           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1431           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.9           mi/h
Number of lanes, N                          3
Density, D                                  20.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     889            v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1831           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1831           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.5           mi/h
Number of lanes, N                          2
Density, D                                  27.1           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:12:12 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2730           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     758            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1615           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1615           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.4           mi/h
Number of lanes, N                          2
Density, D                                  23.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2410           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2410        160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                669         44                    v
Trucks and buses                       9           6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2798        194                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2798   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2798          4800            No
      Fi   F
     v  = v - v            2604          4800            No
      FO   F   R
     v                     194           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2798          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              680            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2250        680                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                625         189                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2613        778                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2613   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3391          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2613          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.381
                                              S
Space mean speed in ramp influence area,     S  = 59.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.3    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2930           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              300            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2930        300                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                814         83                    v
Trucks and buses                       8           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3386        348                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3386   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3386          4800            No
      Fi   F
     v  = v - v            3038          4800            No
      FO   F   R
     v                     348           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3386          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.459
                                              S
Space mean speed in ramp influence area,     S  = 57.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2630           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              770            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2630        770                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                731         214                   v
Trucks and buses                       8           22                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.752
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3039        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1823   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4177          7200            No
      FO
     v     v               1216 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1823          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   23.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.340
                                              S
Space mean speed in ramp influence area,     S  = 60.5    mph
                                              R
Space mean speed in outer lanes,             S  = 67.4    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3400           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              410            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3400        410                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                944         114                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3986        469                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.639   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2716   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3986          7200            No
      Fi   F
     v  = v - v            3517          7200            No
      FO   F   R
     v                     469           2000            No
      R
     v     v               1270 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2716          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   20.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.470
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  = 75.7    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2990           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2990        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                831         422                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3505        1740                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2103   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5245          7200            No
      FO
     v     v               1402 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2103          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.447
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  = 66.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4510           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              870            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4510        870                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1253        242                   v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5237        1025                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.582   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3476   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5237          7200            No
      Fi   F
     v  = v - v            4212          7200            No
      FO   F   R
     v                     1025          2000            No
      R
     v     v               1761 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3476          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.520
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 73.8    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5270           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              510            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5270        510                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1464        142                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6119        584                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  3705   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6703          7200            No
      FO
     v     v               2414 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3705          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   32.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.535
                                              S
Space mean speed in ramp influence area,     S  = 55.0    mph
                                              R
Space mean speed in outer lanes,             S  = 62.8    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3640           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1630           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3640        1630                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1011        453                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4226        1865                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  2500   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6091          7200            No
      FO
     v     v               1726 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2500          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   35.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.593
                                              S
Space mean speed in ramp influence area,     S  = 53.4    mph
                                              R
Space mean speed in outer lanes,             S  = 65.6    mph
                                              0
Space mean speed for all vehicles,           S  = 56.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3590           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1580           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3590        1580                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                997         439                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4228        1835                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2912   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4228          7200            No
      Fi   F
     v  = v - v            2393          7200            No
      FO   F   R
     v                     1835          4100            No
      R
     v     v               1316 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2912          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.463
                                              S
Space mean speed in ramp influence area,     S  = 57.0    mph
                                              R
Space mean speed in outer lanes,             S  = 75.6    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2010           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2010        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                558         117                   v
Trucks and buses                       12          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2367        516                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1420   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2883          7200            No
      FO
     v     v               947  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1420          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  = 68.4    mph
                                              0
Space mean speed for all vehicles,           S  = 63.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2430           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              870            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2430        870                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                675         242                   v
Trucks and buses                       17          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2930        1068                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.638   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2255   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2930          7200            No
      Fi   F
     v  = v - v            1862          7200            No
      FO   F   R
     v                     1068          2000            No
      R
     v     v               675  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2255          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.524
                                              S
Space mean speed in ramp influence area,     S  = 55.3    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.1    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1560           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1560        180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                433         50                    v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1881        209                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1128   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2090          7200            No
      FO
     v     v               753  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1128          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.280
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  = 69.1    mph
                                              0
Space mean speed for all vehicles,           S  = 64.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1740           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              580            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1740        580                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                483         161                   v
Trucks and buses                       20          19                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.778
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2127        828                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.669   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1697   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2127          7200            No
      Fi   F
     v  = v - v            1299          7200            No
      FO   F   R
     v                     828           2000            No
      R
     v     v               430  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1697          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.503
                                              S
Space mean speed in ramp influence area,     S  = 55.9    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.2    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1160           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1160        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                322         33                    v
Trucks and buses                       20          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1418        145                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1418   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1563          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1418          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.284
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1280           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              170            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1280        170                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                356         47                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1557        200                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1557   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1557          4800            No
      Fi   F
     v  = v - v            1357          4800            No
      FO   F   R
     v                     200           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1557          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.446
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1200           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1200        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                333         25                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1460        103                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1460   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1563          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1460          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.284
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         25                    v
Trucks and buses                       22          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1665        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1665   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1665          4800            No
      Fi   F
     v  = v - v            1562          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1665          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1260           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1260        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                350         78                    v
Trucks and buses                       22          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1554        330                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1554   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1884          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1554          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.291
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1540           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1540        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                428         33                    v
Trucks and buses                       20          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1882        147                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1882   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1882          4800            No
      Fi   F
     v  = v - v            1735          4800            No
      FO   F   R
     v                     147           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1882          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.441
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1420           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              670            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1420        670                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                394         186                   v
Trucks and buses                       20          23                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.743
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1736        1001                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1041   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2737          7200            No
      FO
     v     v               695  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1041          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.295
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 63.5    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2100           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              200            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2100        200                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                583         56                    v
Trucks and buses                       21          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2578        242                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.684   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1841   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2578          7200            No
      Fi   F
     v  = v - v            2336          7200            No
      FO   F   R
     v                     242           2000            No
      R
     v     v               737  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1841          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.450
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1900           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1010           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1900        1010                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                528         281                   v
Trucks and buses                       21          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2333        1190                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1400   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3523          7200            No
      FO
     v     v               933  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1400          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.317
                                              S
Space mean speed in ramp influence area,     S  = 61.1    mph
                                              R
Space mean speed in outer lanes,             S  = 68.4    mph
                                              0
Space mean speed for all vehicles,           S  = 62.9    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2900           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              490            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2900        490                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                806         136                   v
Trucks and buses                       17          9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3496        618                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.644   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2472   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3496          7200            No
      Fi   F
     v  = v - v            2878          7200            No
      FO   F   R
     v                     618           2000            No
      R
     v     v               1024 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2472          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   18.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.484
                                              S
Space mean speed in ramp influence area,     S  = 56.5    mph
                                              R
Space mean speed in outer lanes,             S  = 76.7    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3740           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              570            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3740        570                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1039        158                   v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4509        662                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  2730   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5171          7200            No
      FO
     v     v               1779 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2730          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.367
                                              S
Space mean speed in ramp influence area,     S  = 59.7    mph
                                              R
Space mean speed in outer lanes,             S  = 65.4    mph
                                              0
Space mean speed for all vehicles,           S  = 61.6    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2410           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1330           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2410        1330                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                669         369                   v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2905        1544                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  1718   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4449          7200            No
      FO
     v     v               1187 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1718          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   27.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.388
                                              S
Space mean speed in ramp influence area,     S  = 59.1    mph
                                              R
Space mean speed in outer lanes,             S  = 67.5    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5610           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1730           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5610        1730                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1558        481                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6545        1980                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4034   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                6545          7200            No
      Fi   F
     v  = v - v            4565          7200            No
      FO   F   R
     v                     1980          4100            No
      R
     v     v               2511 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4034          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   20.0+   pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 70.9    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3880           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              930            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3880        930                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1078        258                   v
Trucks and buses                       10          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4527        1080                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2716   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5607          7200            No
      FO
     v     v               1811 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2716          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.439
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  = 65.3    mph
                                              0
Space mean speed for all vehicles,           S  = 60.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4810           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              1550           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4810        1550                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1336        431                   v
Trucks and buses                       12          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5665        1826                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.534   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3877   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5665          7200            No
      Fi   F
     v  = v - v            3839          7200            No
      FO   F   R
     v                     1826          2000            No
      R
     v     v               1788 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3877          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   30.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.592
                                              S
Space mean speed in ramp influence area,     S  = 53.4    mph
                                              R
Space mean speed in outer lanes,             S  = 73.7    mph
                                              0
Space mean speed for all vehicles,           S  = 58.5    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3260           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3260        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                906         117                   v
Trucks and buses                       12          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3840        495                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2304   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4335          7200            No
      FO
     v     v               1536 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2304          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.329
                                              S
Space mean speed in ramp influence area,     S  = 60.8    mph
                                              R
Space mean speed in outer lanes,             S  = 66.3    mph
                                              0
Space mean speed for all vehicles,           S  = 62.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3680           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              820            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3680        820                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1022        228                   v
Trucks and buses                       15          24                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.735
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4396        1239                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.593   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3111   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4396          7200            No
      Fi   F
     v  = v - v            3157          7200            No
      FO   F   R
     v                     1239          2000            No
      R
     v     v               1285 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3111          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   23.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.540
                                              S
Space mean speed in ramp influence area,     S  = 54.9    mph
                                              R
Space mean speed in outer lanes,             S  = 75.7    mph
                                              0
Space mean speed for all vehicles,           S  = 59.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2860           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              340            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2860        340                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                794         94                    v
Trucks and buses                       15          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3416        400                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3416   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3816          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3416          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3200           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              660            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3200        660                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                889         183                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3751        755                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3751   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3751          4800            No
      Fi   F
     v  = v - v            2996          4800            No
      FO   F   R
     v                     755           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3751          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.496
                                              S
Space mean speed in ramp influence area,     S  = 56.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.1    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                030 IMF+LP_I-35 Northbound_AM_
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:12:12 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2540           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2540        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                706         53                    v
Trucks and buses                       11          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2977        224                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2977   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3201          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2977          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.361
                                              S
Space mean speed in ramp influence area,     S  = 59.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.9    mph
_______________________________________________________________________________

2030 Gardner IMF Operations - PM Peak Hour - HCS Freeway Ramps



Appendix F:
Results of Operational Analysis 

Future Gardner IMF Operations + Induced 
Development

Synchro Analysis

1. 2010 Gardner IMF Operations + Induced Development 
2. 2015 Gardner IMF Operations + Induced Development 
3. 2030 Gardner IMF Operations + Induced Development 

HCS Analysis

1. 2010 Gardner IMF Operations + Induced Development 
2. 2015 Gardner IMF Operations + Induced Development 
3. 2030 Gardner IMF Operations + Induced Development 



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 10 0 50 50 5 80 5 90 30 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 12 0 60 60 6 96 6 108 36 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 361 620 620 355 645 596 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 361 620 620 355 645 596 90
tC, single (s) 4.1 4.1 7.3 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.7 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 91 99
cM capacity (veh/h) 1449 1208 332 382 693 294 395 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 434 120 108 157
Volume Left 72 0 6 108
Volume Right 12 60 6 12
cSH 1449 1208 389 331
Volume to Capacity 0.05 0.00 0.28 0.47
Queue Length 95th (ft) 4 0 28 61
Control Delay (s) 1.7 0.0 17.8 25.2
Lane LOS A C D
Approach Delay (s) 1.7 0.0 17.8 25.2
Approach LOS C D

Intersection Summary
Average Delay 8.1
Intersection Capacity Utilization 46.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 560 60 100 220 100 70 320 190 140 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3363 3175 1805 1725 1736 1794
Flt Permitted 0.89 0.62 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3015 2005 1133 1725 452 1794
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 644 69 115 253 115 80 368 218 161 230 34
RTOR Reduction (vph) 0 15 0 0 61 0 0 31 0 0 8 0
Lane Group Flow (vph) 0 744 0 0 422 0 80 555 0 161 256 0
Heavy Vehicles (%) 5% 6% 2% 7% 10% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.1 18.1 19.4 19.4 19.4 19.4
Effective Green, g (s) 18.1 18.1 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.37 0.37 0.39 0.39 0.39 0.39
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1109 738 447 680 178 707
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.25 0.21 0.07 c0.36
v/c Ratio 0.67 0.57 0.18 0.82 0.90 0.36
Uniform Delay, d1 13.0 12.5 9.7 13.3 14.0 10.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 1.1 0.2 7.5 41.1 0.3
Delay (s) 14.7 13.5 9.9 20.8 55.1 10.8
Level of Service B B A C E B
Approach Delay (s) 14.7 13.5 19.5 27.6
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 18.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 49.2 Sum of lost time (s) 11.7
Intersection Capacity Utilization 87.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 880 10 10 390 40 10 5 20 70 5 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.92 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3615 3467 1817 1853
Flt Permitted 0.94 0.93 0.91 0.76
Satd. Flow (perm) 3407 3238 1677 1458
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 946 11 11 419 43 11 5 22 75 5 22
RTOR Reduction (vph) 0 1 0 0 7 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 978 0 0 466 0 0 19 0 0 83 0
Heavy Vehicles (%) 0% 5% 0% 0% 9% 0% 0% 0% 0% 0% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 30.9 30.9 6.1 6.1
Effective Green, g (s) 30.9 30.9 6.1 6.1
Actuated g/C Ratio 0.67 0.67 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2289 2175 222 193
v/s Ratio Prot
v/s Ratio Perm c0.29 0.14 0.01 c0.06
v/c Ratio 0.43 0.21 0.09 0.43
Uniform Delay, d1 3.5 2.9 17.5 18.3
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.0 0.2 1.5
Delay (s) 3.6 2.9 17.7 19.9
Level of Service A A B B
Approach Delay (s) 3.6 2.9 17.7 19.9
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 46.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 56.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 960 10 10 390 50 5 5 20 90 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.98 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3427 3262 1605 1737
Flt Permitted 0.93 0.93 0.95 0.77
Satd. Flow (perm) 3204 3039 1530 1378
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 32 1032 11 11 419 54 5 5 22 97 5 32
RTOR Reduction (vph) 0 1 0 0 13 0 0 18 0 0 24 0
Lane Group Flow (vph) 0 1074 0 0 471 0 0 14 0 0 110 0
Heavy Vehicles (%) 7% 5% 0% 0% 9% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.0 8.0
Effective Green, g (s) 33.0 33.0 8.0 8.0
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2115 2006 245 220
v/s Ratio Prot
v/s Ratio Perm c0.34 0.15 0.01 c0.08
v/c Ratio 0.51 0.23 0.06 0.50
Uniform Delay, d1 4.3 3.4 17.8 19.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.1 0.1 1.8
Delay (s) 4.5 3.5 17.9 20.9
Level of Service A A B C
Approach Delay (s) 4.5 3.5 17.9 20.9
Approach LOS A A B C

Intersection Summary
HCM Average Control Delay 5.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 50.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 69.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 910 130 40 300 160 120 120 110 430 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 3619 1568 1752 3282 1583 1752 3505 1538 3400 3505 1524
Flt Permitted 0.54 1.00 1.00 0.20 1.00 1.00 0.65 1.00 1.00 0.43 1.00 1.00
Satd. Flow (perm) 959 3619 1568 369 3282 1583 1194 3505 1538 1546 3505 1524
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 77 1000 143 44 330 176 132 132 121 473 165 55
RTOR Reduction (vph) 0 0 77 0 0 97 0 0 109 0 0 47
Lane Group Flow (vph) 77 1000 66 44 330 79 132 132 12 473 165 8
Heavy Vehicles (%) 6% 5% 3% 3% 10% 2% 3% 3% 5% 3% 3% 6%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm pm+pt Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4 4
Actuated Green, G (s) 46.5 41.6 41.6 43.9 40.3 40.3 17.1 8.6 8.6 26.5 13.3 13.3
Effective Green, g (s) 46.5 41.6 41.6 43.9 40.3 40.3 17.1 8.6 8.6 26.5 13.3 13.3
Actuated g/C Ratio 0.52 0.46 0.46 0.49 0.45 0.45 0.19 0.10 0.10 0.29 0.15 0.15
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 536 1673 725 235 1470 709 280 335 147 727 518 225
v/s Ratio Prot c0.01 c0.28 0.01 0.10 0.04 0.04 c0.10 0.05
v/s Ratio Perm 0.07 0.04 0.08 0.05 0.05 0.01 c0.10 0.01
v/c Ratio 0.14 0.60 0.09 0.19 0.22 0.11 0.47 0.39 0.08 0.65 0.32 0.04
Uniform Delay, d1 11.0 18.0 13.6 13.0 15.3 14.4 31.9 38.3 37.1 26.2 34.3 32.9
Progression Factor 1.00 1.00 1.00 1.21 1.22 2.91 0.93 0.93 0.71 1.00 1.00 1.00
Incremental Delay, d2 0.0 1.6 0.2 0.1 0.4 0.3 0.5 0.3 0.1 1.6 0.1 0.0
Delay (s) 11.1 19.6 13.8 15.8 19.0 42.3 30.1 36.0 26.5 27.8 34.4 32.9
Level of Service B B B B B D C D C C C C
Approach Delay (s) 18.4 26.2 31.0 29.8
Approach LOS B C C C

Intersection Summary
HCM Average Control Delay 24.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 67.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 40 10 1250 210 10 470
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1615 3654 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1752 1615 3654 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 41 10 1289 216 10 485
RTOR Reduction (vph) 0 9 0 83 0 0
Lane Group Flow (vph) 41 1 1289 133 10 485
Heavy Vehicles (%) 3% 0% 4% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 12.7 12.7 61.9 12.7 1.4 67.3
Effective Green, g (s) 12.7 12.7 61.9 12.7 1.4 67.3
Actuated g/C Ratio 0.14 0.14 0.69 0.14 0.02 0.75
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 247 228 2513 221 28 2655
v/s Ratio Prot 0.02 c0.35 c0.08 0.01 c0.14
v/s Ratio Perm 0.00
v/c Ratio 0.17 0.01 0.51 0.60 0.36 0.18
Uniform Delay, d1 34.0 33.2 6.8 36.3 43.9 3.3
Progression Factor 1.00 1.00 0.58 1.48 1.00 1.00
Incremental Delay, d2 0.3 0.0 0.6 3.7 7.7 0.2
Delay (s) 34.3 33.2 4.6 57.4 51.5 3.5
Level of Service C C A E D A
Approach Delay (s) 34.1 12.2 4.4
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 10.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1280 90 230 1100 60 80 20 450 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3689 1615 1827 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.68 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3689 1615 1387 2842 1263 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1438 101 258 1236 67 90 22 506 45 11 45
RTOR Reduction (vph) 0 0 53 0 0 27 0 0 257 0 38 0
Lane Group Flow (vph) 45 1438 48 258 1236 40 0 112 249 45 18 0
Heavy Vehicles (%) 0% 3% 0% 2% 3% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.4 34.0 34.0 10.2 39.8 39.8 11.7 11.7 11.7 11.7
Effective Green, g (s) 4.4 34.0 34.0 10.2 39.8 39.8 11.7 11.7 11.7 11.7
Actuated g/C Ratio 0.06 0.48 0.48 0.14 0.56 0.56 0.16 0.16 0.16 0.16
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 111 1754 768 490 2053 899 227 465 207 263
v/s Ratio Prot 0.02 c0.39 c0.08 0.34 0.01
v/s Ratio Perm 0.03 0.02 0.08 c0.09 0.04
v/c Ratio 0.41 0.82 0.06 0.53 0.60 0.04 0.49 0.54 0.22 0.07
Uniform Delay, d1 32.3 16.1 10.1 28.4 10.6 7.2 27.2 27.4 25.9 25.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 3.0 0.0 0.5 0.3 0.0 0.6 0.6 0.2 0.0
Delay (s) 33.2 19.1 10.1 28.9 10.9 7.2 27.8 28.0 26.1 25.3
Level of Service C B B C B A C C C C
Approach Delay (s) 18.9 13.7 28.0 25.7
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 18.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 71.5 Sum of lost time (s) 15.6
Intersection Capacity Utilization 71.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1720 40 30 470 0 0 0 0 50 0 920
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1811 42 32 495 0 0 0 0 53 0 968
RTOR Reduction (vph) 0 1 0 0 0 0 0 0 0 0 0 301
Lane Group Flow (vph) 0 1852 0 32 495 0 0 0 0 53 0 667
Heavy Vehicles (%) 0% 2% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 67.8 4.2 42.0 5.5 30.0
Effective Green, g (s) 67.8 4.2 42.0 5.5 30.0
Actuated g/C Ratio 0.75 0.05 0.47 0.06 0.33
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2646 77 1722 100 920
v/s Ratio Prot c0.53 0.02 c0.13 c0.03 0.24
v/s Ratio Perm
v/c Ratio 0.70 0.42 0.29 0.53 0.73
Uniform Delay, d1 5.8 41.7 14.8 41.0 26.4
Progression Factor 1.00 1.07 0.82 1.00 1.00
Incremental Delay, d2 1.6 3.3 0.4 5.3 2.9
Delay (s) 7.4 47.8 12.6 46.3 29.2
Level of Service A D B D C
Approach Delay (s) 7.4 14.7 0.0 30.1
Approach LOS A B A C

Intersection Summary
HCM Average Control Delay 15.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.5
Intersection Capacity Utilization 59.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 350 0 0 350 130 150 0 90 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.96 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1795 1625
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1795 1625
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 398 0 0 398 148 170 0 102 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 29 0 0 0 0
Lane Group Flow (vph) 0 398 0 0 535 0 0 243 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 7% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 61.3 61.3 18.7
Effective Green, g (s) 61.3 61.3 18.7
Actuated g/C Ratio 0.68 0.68 0.21
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2537 1223 338
v/s Ratio Prot 0.11 c0.30
v/s Ratio Perm 0.15
v/c Ratio 0.16 0.44 0.72
Uniform Delay, d1 5.1 6.5 33.2
Progression Factor 0.48 1.00 1.00
Incremental Delay, d2 0.1 1.1 7.4
Delay (s) 2.6 7.7 40.6
Level of Service A A D
Approach Delay (s) 2.6 7.7 40.6 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 13.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
10: Sante Fe & AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 40 90 260 70 120 190
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 1583 3382 1770 3471
Flt Permitted 0.95 1.00 1.00 0.54 1.00
Satd. Flow (perm) 1752 1583 3382 1005 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 97 280 75 129 204
RTOR Reduction (vph) 0 90 12 0 0 0
Lane Group Flow (vph) 43 7 343 0 129 204
Heavy Vehicles (%) 3% 2% 4% 1% 2% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.7 6.7 73.3 73.3 73.3
Effective Green, g (s) 6.7 6.7 73.3 73.3 73.3
Actuated g/C Ratio 0.07 0.07 0.81 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 130 118 2754 819 2827
v/s Ratio Prot c0.02 0.10 0.06
v/s Ratio Perm 0.00 c0.13
v/c Ratio 0.33 0.06 0.12 0.16 0.07
Uniform Delay, d1 39.5 38.7 1.7 1.8 1.6
Progression Factor 1.00 1.00 1.00 0.61 0.47
Incremental Delay, d2 1.5 0.2 0.1 0.4 0.0
Delay (s) 41.0 38.9 1.8 1.5 0.8
Level of Service D D A A A
Approach Delay (s) 39.6 1.8 1.1
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 7.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.17
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 20 10 10 10 60 250 0 30 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 25 13 13 13 76 316 0 38 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 671 658 316 690 652 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 671 658 316 690 652 108 114 316
tC, single (s) 7.1 6.6 6.4 7.1 6.6 6.3 4.1 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.4 3.5 4.1 3.4 2.2 2.3
p0 queue free % 100 93 96 96 96 99 95 97
cM capacity (veh/h) 335 349 695 309 346 925 1469 1216

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 51 38 392 152
Volume Left 0 13 76 38
Volume Right 25 13 0 13
cSH 465 417 1469 1216
Volume to Capacity 0.11 0.09 0.05 0.03
Queue Length 95th (ft) 9 7 4 2
Control Delay (s) 13.7 14.5 1.9 2.2
Lane LOS B B A A
Approach Delay (s) 13.7 14.5 1.9 2.2
Approach LOS B B

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 35.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 5 10 5 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 5 11 5 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 22 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.13 -0.10 -0.04 -0.10
Departure Headway (s) 3.9 3.9 4.0 3.9
Degree Utilization, x 0.02 0.02 0.03 0.02
Capacity (veh/h) 907 902 887 907
Control Delay (s) 7.0 7.0 7.1 7.0
Approach Delay (s) 7.0 7.0 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 0 0 310 80 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 392 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 497 104 108
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 497 104 108
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 536 956 1496

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 6 392 108
Volume Left 6 0 0
Volume Right 0 0 6
cSH 536 1496 1700
Volume to Capacity 0.01 0.00 0.06
Queue Length 95th (ft) 1 0 0
Control Delay (s) 11.8 0.0 0.0
Lane LOS B
Approach Delay (s) 11.8 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 10 20 10 5 40
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 22 11 5 43
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 27 33
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 27 33
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 922 1054 1592

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 22 33 49
Volume Left 11 0 5
Volume Right 11 11 0
cSH 984 1700 1592
Volume to Capacity 0.02 0.02 0.00
Queue Length 95th (ft) 2 0 0
Control Delay (s) 8.7 0.0 0.8
Lane LOS A A
Approach Delay (s) 8.7 0.0 0.8
Approach LOS A

Intersection Summary
Average Delay 2.2
Intersection Capacity Utilization 16.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 20 90 110 20 90 30 410 40 30 350 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.88 1.00 0.88 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1666 1805 1666 1805 3437 1805 3482
Flt Permitted 0.68 1.00 0.68 1.00 0.51 1.00 0.47 1.00
Satd. Flow (perm) 1288 1666 1288 1666 967 3437 885 3482
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 22 101 124 22 101 34 461 45 34 393 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 123 0 124 123 0 34 506 0 34 415 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 7.1 7.1 7.1 7.1 13.5 13.5 13.5 13.5
Effective Green, g (s) 7.1 7.1 7.1 7.1 13.5 13.5 13.5 13.5
Actuated g/C Ratio 0.23 0.23 0.23 0.23 0.44 0.44 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 299 387 299 387 427 1516 390 1536
v/s Ratio Prot 0.07 0.07 c0.15 0.12
v/s Ratio Perm 0.03 c0.10 0.04 0.04
v/c Ratio 0.15 0.32 0.41 0.32 0.08 0.33 0.09 0.27
Uniform Delay, d1 9.4 9.7 10.0 9.7 5.0 5.6 5.0 5.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.5 0.9 0.5 0.1 0.1 0.1 0.1
Delay (s) 9.6 10.2 10.9 10.2 5.0 5.7 5.1 5.5
Level of Service A B B B A A A A
Approach Delay (s) 10.0 10.6 5.7 5.5
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 30.6 Sum of lost time (s) 10.0
Intersection Capacity Utilization 43.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 310 90 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 13 408 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 553 118 118
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 553 118 118
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 493 939 1482

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 421 118
Volume Left 0 13 0
Volume Right 7 0 0
cSH 939 1482 1700
Volume to Capacity 0.01 0.01 0.07
Queue Length 95th (ft) 1 1 0
Control Delay (s) 8.9 0.3 0.0
Lane LOS A A
Approach Delay (s) 8.9 0.3 0.0
Approach LOS A

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 33.5% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 10 5 0 320 90 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 6 0 416 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 536 120 123
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 536 120 123
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 509 937 1476

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 19 416 123
Volume Left 13 0 0
Volume Right 6 0 6
cSH 600 1476 1700
Volume to Capacity 0.03 0.00 0.07
Queue Length 95th (ft) 3 0 0
Control Delay (s) 11.2 0.0 0.0
Lane LOS B
Approach Delay (s) 11.2 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 120 5 5 140 30 5 5 5 30 5 30
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 130 5 5 152 33 5 5 5 33 5 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 136 370 351 133 342 337 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 136 370 351 133 342 337 168
tC, single (s) 4.5 4.1 7.1 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.6 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 99 100 99 99 99 95 99 96
cM capacity (veh/h) 1191 1461 559 570 921 602 580 855

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 147 190 16 71
Volume Left 11 5 5 33
Volume Right 5 33 5 33
cSH 1191 1461 648 695
Volume to Capacity 0.01 0.00 0.03 0.10
Queue Length 95th (ft) 1 0 2 8
Control Delay (s) 0.7 0.2 10.7 10.8
Lane LOS A A B B
Approach Delay (s) 0.7 0.2 10.7 10.8
Approach LOS B B

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 23.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
20: W 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 150 10 5 10 160 250 5 5 490 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.98 1.00 1.00
Satd. Flow (prot) 1805 1900 1049 1760 3029 3538 1468
Flt Permitted 0.74 1.00 1.00 0.89 0.65 0.95 1.00
Satd. Flow (perm) 1405 1900 1049 1590 2010 3370 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 158 11 5 11 168 263 5 5 516 11
RTOR Reduction (vph) 0 0 140 0 10 0 0 0 0 0 0 3
Lane Group Flow (vph) 11 5 18 0 17 0 0 436 0 0 521 8
Heavy Vehicles (%) 0% 0% 54% 0% 0% 0% 34% 6% 0% 0% 2% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.1 9.1 9.1 9.1 60.9 60.9 60.9
Effective Green, g (s) 9.1 9.1 9.1 9.1 60.9 60.9 60.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.76 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 160 216 119 181 1530 2565 1118
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 c0.02 0.01 c0.22 0.15 0.01
v/c Ratio 0.07 0.02 0.15 0.10 0.28 0.20 0.01
Uniform Delay, d1 31.7 31.5 32.0 31.8 2.9 2.7 2.3
Progression Factor 1.00 1.00 1.00 1.00 0.64 1.00 1.00
Incremental Delay, d2 0.2 0.0 0.6 0.2 0.4 0.2 0.0
Delay (s) 31.8 31.5 32.6 32.0 2.3 2.9 2.3
Level of Service C C C C A A A
Approach Delay (s) 32.5 32.0 2.3 2.9
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 7.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.27
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 46.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 200 10 210 0 0 610 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1233 1826 1667 1468
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1671 1233 1780 1667 1468
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 213 11 223 0 0 649 53
RTOR Reduction (vph) 0 0 0 0 0 189 0 0 0 0 0 13
Lane Group Flow (vph) 0 0 0 43 0 24 0 234 0 0 649 40
Heavy Vehicles (%) 0% 0% 0% 8% 0% 31% 0% 4% 0% 0% 14% 10%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 9.1 9.1 60.9 60.9 60.9
Effective Green, g (s) 9.1 9.1 60.9 60.9 60.9
Actuated g/C Ratio 0.11 0.11 0.76 0.76 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 190 140 1355 1269 1118
v/s Ratio Prot c0.03 c0.39
v/s Ratio Perm 0.02 0.13 0.03
v/c Ratio 0.23 0.17 0.17 0.51 0.04
Uniform Delay, d1 32.2 32.0 2.6 3.7 2.3
Progression Factor 1.00 1.00 0.84 0.91 0.68
Incremental Delay, d2 0.6 0.6 0.3 1.5 0.1
Delay (s) 32.9 32.6 2.5 4.9 1.7
Level of Service C C A A A
Approach Delay (s) 0.0 32.7 2.5 4.6
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 10.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 0 10 0 0 0 0 140 180 530 120 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.92 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1730 1707 1610
Flt Permitted 0.96 1.00 0.56
Satd. Flow (perm) 1730 1707 930
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 99 0 11 0 0 0 0 154 198 582 132 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 39 0 0 0 0
Lane Group Flow (vph) 0 105 0 0 0 0 0 313 0 0 714 0
Heavy Vehicles (%) 3% 0% 10% 0% 0% 0% 0% 4% 2% 16% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 64.4 64.4
Effective Green, g (s) 5.6 64.4 64.4
Actuated g/C Ratio 0.07 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 121 1374 749
v/s Ratio Prot 0.18
v/s Ratio Perm 0.06 c0.77
v/c Ratio 0.87 0.23 0.95
Uniform Delay, d1 36.8 1.9 6.5
Progression Factor 1.00 1.00 0.98
Incremental Delay, d2 44.8 0.4 21.6
Delay (s) 81.7 2.2 28.1
Level of Service F A C
Approach Delay (s) 81.7 0.0 2.2 28.1
Approach LOS F A A C

Intersection Summary
HCM Average Control Delay 25.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.95
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 310 0 5 130
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 333 0 5 140
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 484 333 333
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 484 333 333
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 98 100
cM capacity (veh/h) 543 713 1132

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 333 145
Volume Left 0 0 5
Volume Right 11 0 0
cSH 713 1700 1132
Volume to Capacity 0.02 0.20 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.1 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.1 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 380 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 380 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.5 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.5 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 60 30 20 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 71 36 24 6 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 131 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 131 48
tC, single (s) 4.3 6.6 6.6
tC, 2 stage (s)
tF (s) 2.4 3.7 3.7
p0 queue free % 100 99 99
cM capacity (veh/h) 1437 819 923

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 77 60 12
Volume Left 6 0 6
Volume Right 0 24 6
cSH 1437 1700 868
Volume to Capacity 0.00 0.04 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 0.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 60 20 10 5 20 50 10 230 10 30 60 30
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 67 22 11 6 22 56 11 258 11 34 67 34

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 101 84 281 135
Volume Left (vph) 67 6 11 34
Volume Right (vph) 11 56 11 34
Hadj (s) 0.13 -0.34 0.03 -0.07
Departure Headway (s) 5.1 4.7 4.6 4.6
Degree Utilization, x 0.14 0.11 0.36 0.17
Capacity (veh/h) 639 690 756 727
Control Delay (s) 9.0 8.3 10.1 8.6
Approach Delay (s) 9.0 8.3 10.1 8.6
Approach LOS A A B A

Intersection Summary
Delay 9.3
HCM Level of Service A
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 360 1420 0 500 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 404 1596 0 562 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2000 685 202
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2000 685 202
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 291 386 811

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 202 202 1596 281 281
Volume Left 0 0 0 0 0
Volume Right 0 0 1596 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.12 0.12 0.94 0.17 0.17
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 10 5 95 75 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 103 82 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 79 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 79 57
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 89 99
cM capacity (veh/h) 1043 726 790

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 16 109 82 5
Volume Left 5 0 82 0
Volume Right 0 103 0 5
cSH 1043 1700 726 790
Volume to Capacity 0.01 0.06 0.11 0.01
Queue Length 95th (ft) 0 0 9 1
Control Delay (s) 2.9 0.0 10.6 9.6
Lane LOS A B A
Approach Delay (s) 2.9 0.0 10.5
Approach LOS B

Intersection Summary
Average Delay 4.5
Intersection Capacity Utilization 17.0% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 110 70 90 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 120 76 98 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 255 125
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 255 125
tC, single (s) 4.5 7.0 6.6
tC, 2 stage (s)
tF (s) 2.6 4.0 3.7
p0 queue free % 100 98 99
cM capacity (veh/h) 1203 621 833

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 125 174 11 5
Volume Left 5 0 11 0
Volume Right 0 98 0 5
cSH 1203 1700 621 833
Volume to Capacity 0.00 0.10 0.02 0.01
Queue Length 95th (ft) 0 0 1 0
Control Delay (s) 0.4 0.0 10.9 9.4
Lane LOS A B A
Approach Delay (s) 0.4 0.0 10.4
Approach LOS B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 19.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 30 30 10 30 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 33 33 11 33 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 43 54
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 43 54
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 97 98
cM capacity (veh/h) 863 1033 1564

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 22 33 43 54
Volume Left 22 0 33 0
Volume Right 0 33 0 22
cSH 863 1033 1564 1700
Volume to Capacity 0.03 0.03 0.02 0.03
Queue Length 95th (ft) 2 2 2 0
Control Delay (s) 9.3 8.6 5.6 0.0
Lane LOS A A A
Approach Delay (s) 8.9 5.6 0.0
Approach LOS A

Intersection Summary
Average Delay 4.8
Intersection Capacity Utilization 18.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 80 100 5 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 87 109 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 114 198 111
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 114 198 111
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1488 795 947

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 87 114 5
Volume Left 0 0 5
Volume Right 0 5 0
cSH 1488 1700 795
Volume to Capacity 0.00 0.07 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.6
Lane LOS A
Approach Delay (s) 0.0 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 15.6% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.2 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 385 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 445 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.9 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.9 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3273 3369 1770 1694 1736 1766
Flt Permitted 0.81 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2664 2623 1158 1694 807 1766
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 21 0 0 37 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 380 0 0 1181 0 69 273 0 161 201 0
Heavy Vehicles (%) 3% 9% 2% 1% 4% 1% 2% 4% 4% 4% 4% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 28.0 28.0 15.2 15.2 15.2 15.2
Effective Green, g (s) 28.0 28.0 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1359 1338 321 469 223 489
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.14 c0.45 0.06 c0.20
v/c Ratio 0.28 0.88 0.21 0.58 0.72 0.41
Uniform Delay, d1 7.7 12.0 15.3 17.1 17.9 16.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 7.2 0.3 1.8 10.9 0.6
Delay (s) 7.8 19.2 15.6 19.0 28.9 16.8
Level of Service A B B B C B
Approach Delay (s) 7.8 19.2 18.4 21.9
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 54.9 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 570 20 30 1040 40 20 10 40 60 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 0.99 0.99 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3574 3668 1765 1842
Flt Permitted 0.93 0.93 0.90 0.81
Satd. Flow (perm) 3338 3412 1606 1544
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 613 22 32 1118 43 22 11 43 65 11 32
RTOR Reduction (vph) 0 2 0 0 3 0 0 36 0 0 27 0
Lane Group Flow (vph) 0 644 0 0 1190 0 0 40 0 0 81 0
Heavy Vehicles (%) 0% 6% 0% 3% 3% 0% 5% 0% 3% 2% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 33.0 33.0 8.2 8.2
Effective Green, g (s) 33.0 33.0 8.2 8.2
Actuated g/C Ratio 0.66 0.66 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2194 2243 262 252
v/s Ratio Prot
v/s Ratio Perm 0.19 c0.35 0.02 c0.05
v/c Ratio 0.29 0.53 0.15 0.32
Uniform Delay, d1 3.7 4.5 18.0 18.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.3 0.7
Delay (s) 3.7 4.8 18.3 19.3
Level of Service A A B B
Approach Delay (s) 3.7 4.8 18.3 19.3
Approach LOS A A B B

Intersection Summary
HCM Average Control Delay 5.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 50.2 Sum of lost time (s) 9.0
Intersection Capacity Utilization 67.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 670 5 20 1130 30 10 5 20 40 10 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.98
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3436 3493 1678 1797
Flt Permitted 0.93 0.94 0.89 0.78
Satd. Flow (perm) 3213 3282 1509 1444
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 720 5 22 1215 32 11 5 22 43 11 11
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 10 0
Lane Group Flow (vph) 0 735 0 0 1267 0 0 18 0 0 55 0
Heavy Vehicles (%) 0% 5% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 35.8 35.8 5.0 5.0
Effective Green, g (s) 35.8 35.8 5.0 5.0
Actuated g/C Ratio 0.72 0.72 0.10 0.10
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2310 2359 152 145
v/s Ratio Prot
v/s Ratio Perm 0.23 c0.39 0.01 c0.04
v/c Ratio 0.32 0.54 0.12 0.38
Uniform Delay, d1 2.6 3.2 20.4 21.0
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 0.2 0.4 1.7
Delay (s) 2.6 3.4 20.8 22.6
Level of Service A A C C
Approach Delay (s) 2.6 3.4 20.8 22.6
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 49.8 Sum of lost time (s) 9.0
Intersection Capacity Utilization 60.9% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 400 220 170 940 520 130 160 50 250 210 100
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3551 1583 1770 3539 1583 1770 3539 1583 3433 3539 1553
Flt Permitted 0.18 1.00 1.00 0.49 1.00 1.00 0.61 1.00 1.00 0.56 1.00 1.00
Satd. Flow (perm) 329 3551 1583 910 3539 1583 1132 3539 1583 2015 3539 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 132 440 242 187 1033 571 143 176 55 275 231 110
RTOR Reduction (vph) 0 0 131 0 0 290 0 0 49 0 0 97
Lane Group Flow (vph) 132 440 111 187 1033 281 143 176 6 275 231 13
Heavy Vehicles (%) 4% 7% 2% 2% 2% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm pm+pt Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4 4
Actuated Green, G (s) 47.5 41.4 41.4 47.5 41.4 41.4 18.1 9.4 9.4 20.9 10.8 10.8
Effective Green, g (s) 47.5 41.4 41.4 47.5 41.4 41.4 18.1 9.4 9.4 20.9 10.8 10.8
Actuated g/C Ratio 0.53 0.46 0.46 0.53 0.46 0.46 0.20 0.10 0.10 0.23 0.12 0.12
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 269 1633 728 539 1628 728 289 370 165 627 425 186
v/s Ratio Prot c0.03 0.12 0.02 c0.29 0.05 0.05 c0.05 c0.07
v/s Ratio Perm 0.23 0.07 0.16 0.18 0.05 0.00 0.05 0.01
v/c Ratio 0.49 0.27 0.15 0.35 0.63 0.39 0.49 0.48 0.03 0.44 0.54 0.07
Uniform Delay, d1 12.4 15.0 14.1 11.2 18.5 16.0 31.2 38.0 36.2 28.8 37.3 35.1
Progression Factor 1.00 1.00 1.00 1.42 1.32 3.69 1.18 1.13 1.39 1.00 1.00 1.00
Incremental Delay, d2 0.5 0.4 0.4 0.1 1.7 1.4 0.5 0.4 0.0 0.2 0.8 0.1
Delay (s) 13.0 15.4 14.6 16.0 26.2 60.2 37.3 43.1 50.3 29.0 38.0 35.2
Level of Service B B B B C E D D D C D D
Approach Delay (s) 14.7 36.0 41.9 33.5
Approach LOS B D D C

Intersection Summary
HCM Average Control Delay 31.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 17.5
Intersection Capacity Utilization 65.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 110 20 600 100 10 1520
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3619 1553 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3619 1553 1805 3725
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 113 21 619 103 10 1567
RTOR Reduction (vph) 0 19 0 86 0 0
Lane Group Flow (vph) 113 2 619 17 10 1567
Heavy Vehicles (%) 4% 5% 5% 4% 0% 2%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 9.8 9.8 64.8 9.8 1.4 70.2
Effective Green, g (s) 9.8 9.8 64.8 9.8 1.4 70.2
Actuated g/C Ratio 0.11 0.11 0.72 0.11 0.02 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 189 167 2606 169 28 2906
v/s Ratio Prot c0.07 0.17 0.01 0.01 c0.42
v/s Ratio Perm 0.00
v/c Ratio 0.60 0.01 0.24 0.10 0.36 0.54
Uniform Delay, d1 38.2 35.8 4.3 36.1 43.9 3.8
Progression Factor 1.00 1.00 0.58 2.05 1.00 1.00
Incremental Delay, d2 5.0 0.0 0.2 0.3 7.7 0.7
Delay (s) 43.2 35.8 2.7 74.4 51.5 4.5
Level of Service D D A E D A
Approach Delay (s) 42.1 12.9 4.8
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 9.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1140 160 450 1180 30 120 10 350 30 10 20
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.90
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3689 1615 1816 2842 1805 1710
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.62 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3689 1615 1364 2842 1171 1710
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1281 180 506 1326 34 135 11 393 34 11 22
RTOR Reduction (vph) 0 0 92 0 0 14 0 0 336 0 19 0
Lane Group Flow (vph) 45 1281 88 506 1326 20 0 146 57 34 14 0
Heavy Vehicles (%) 0% 3% 1% 0% 3% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm Perm Perm
Protected Phases 5 2 1 6 8 4
Permitted Phases 2 6 8 8 4
Actuated Green, G (s) 4.8 39.0 39.0 13.8 48.0 48.0 11.6 11.6 11.6 11.6
Effective Green, g (s) 4.8 39.0 39.0 13.8 48.0 48.0 11.6 11.6 11.6 11.6
Actuated g/C Ratio 0.06 0.49 0.49 0.17 0.60 0.60 0.14 0.14 0.14 0.14
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 108 1798 780 604 2213 969 198 412 170 248
v/s Ratio Prot 0.02 c0.35 c0.14 0.36 0.01
v/s Ratio Perm 0.05 0.01 c0.11 0.02 0.03
v/c Ratio 0.42 0.71 0.11 0.84 0.60 0.02 0.74 0.14 0.20 0.06
Uniform Delay, d1 36.3 16.1 11.1 32.0 10.0 6.5 32.7 29.8 30.1 29.5
Progression Factor 1.00 1.00 1.00 0.83 1.32 2.10 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 2.4 0.3 6.3 0.8 0.0 11.6 0.1 0.2 0.0
Delay (s) 37.2 18.5 11.4 32.8 13.9 13.6 44.4 29.9 30.3 29.5
Level of Service D B B C B B D C C C
Approach Delay (s) 18.2 19.1 33.8 29.9
Approach LOS B B C C

Intersection Summary
HCM Average Control Delay 20.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 210 110 460 0 0 0 0 120 0 1200
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3437 1703 3725 1770 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3437 1703 3725 1770 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 221 116 484 0 0 0 0 126 0 1263
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 114
Lane Group Flow (vph) 0 1596 0 116 484 0 0 0 0 126 0 1149
Heavy Vehicles (%) 0% 3% 2% 6% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 52.1 7.8 23.9 7.6 36.0
Effective Green, g (s) 52.1 7.8 23.9 7.6 36.0
Actuated g/C Ratio 0.65 0.10 0.30 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2238 166 1113 168 1242
v/s Ratio Prot c0.46 c0.07 0.13 c0.07 c0.42
v/s Ratio Perm
v/c Ratio 0.71 0.70 0.43 0.75 0.92
Uniform Delay, d1 9.1 35.0 22.6 35.3 20.7
Progression Factor 0.44 1.04 0.82 1.00 1.00
Incremental Delay, d2 1.5 11.3 1.1 17.0 11.6
Delay (s) 5.4 47.7 19.7 52.3 32.3
Level of Service A D B D C
Approach Delay (s) 5.4 25.1 0.0 34.1
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 19.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.87
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 17.5
Intersection Capacity Utilization 67.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 460 0 0 490 20 80 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.99 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1830 1597
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1830 1597
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 523 0 0 557 23 91 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 25 0 0 0 0
Lane Group Flow (vph) 0 523 0 0 579 0 0 111 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 6% 0% 18% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 59.0 59.0 11.0
Effective Green, g (s) 59.0 59.0 11.0
Actuated g/C Ratio 0.74 0.74 0.14
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2774 1350 220
v/s Ratio Prot 0.14 c0.32
v/s Ratio Perm 0.07
v/c Ratio 0.19 0.43 0.50
Uniform Delay, d1 3.2 4.0 32.0
Progression Factor 0.31 1.00 1.00
Incremental Delay, d2 0.1 1.0 1.8
Delay (s) 1.1 5.0 33.8
Level of Service A A C
Approach Delay (s) 1.1 5.0 33.8 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 6.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
10: Sante Fe & Moonlight Drive PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 90 110 240 60 140 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3432 1770 3539
Flt Permitted 0.95 1.00 1.00 0.56 1.00
Satd. Flow (perm) 1770 1583 3432 1036 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 97 118 258 65 151 495
RTOR Reduction (vph) 0 104 14 0 0 0
Lane Group Flow (vph) 97 14 309 0 151 495
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 10.4 10.4 69.6 69.6 69.6
Effective Green, g (s) 10.4 10.4 69.6 69.6 69.6
Actuated g/C Ratio 0.12 0.12 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 205 183 2654 801 2737
v/s Ratio Prot c0.05 0.09 0.14
v/s Ratio Perm 0.01 c0.15
v/c Ratio 0.47 0.07 0.12 0.19 0.18
Uniform Delay, d1 37.2 35.5 2.5 2.7 2.7
Progression Factor 1.00 1.00 1.00 0.43 0.46
Incremental Delay, d2 1.7 0.2 0.1 0.5 0.1
Delay (s) 39.0 35.7 2.6 1.7 1.4
Level of Service D D A A A
Approach Delay (s) 37.2 2.6 1.4
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 8.2 HCM Level of Service A
HCM Volume to Capacity ratio 0.23
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 20 10 10 10 20 120 0 20 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 25 13 13 13 25 152 0 25 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 589 152 623 585 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 589 152 623 585 332 335 152
tC, single (s) 7.1 6.6 6.4 7.2 6.6 6.3 4.1 4.3
tC, 2 stage (s)
tF (s) 3.5 4.0 3.4 3.6 4.1 3.4 2.2 2.4
p0 queue free % 100 94 97 96 97 98 98 98
cM capacity (veh/h) 384 401 861 347 396 691 1235 1326

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 51 38 177 361
Volume Left 0 13 25 25
Volume Right 25 13 0 6
cSH 547 438 1235 1326
Volume to Capacity 0.09 0.09 0.02 0.02
Queue Length 95th (ft) 8 7 2 1
Control Delay (s) 12.3 14.0 1.3 0.7
Lane LOS B B A A
Approach Delay (s) 12.3 14.0 1.3 0.7
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 32.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 5 5 0 5 5 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 0 5 5 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 16 11 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) -0.13 -0.30 0.10 -0.13
Departure Headway (s) 3.8 3.7 4.1 3.8
Degree Utilization, x 0.02 0.01 0.01 0.02
Capacity (veh/h) 925 967 865 927
Control Delay (s) 6.9 6.7 7.1 6.9
Approach Delay (s) 6.9 6.7 7.1 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.2% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 0 0 140 270 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 177 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 519 342 342
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 519 342 342
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 521 705 1229

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 6 177 342
Volume Left 6 0 0
Volume Right 0 0 0
cSH 521 1229 1700
Volume to Capacity 0.01 0.00 0.20
Queue Length 95th (ft) 1 0 0
Control Delay (s) 12.0 0.0 0.0
Lane LOS B
Approach Delay (s) 12.0 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 5 10 20 5 5 20
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 22 5 5 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 57 24 27
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 57 24 27
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 952 1058 1600

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 16 27 27
Volume Left 5 0 5
Volume Right 11 5 0
cSH 1020 1700 1600
Volume to Capacity 0.02 0.02 0.00
Queue Length 95th (ft) 1 0 0
Control Delay (s) 8.6 0.0 1.5
Lane LOS A A
Approach Delay (s) 8.6 0.0 1.5
Approach LOS A

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 20 30 50 30 40 70 270 110 60 240 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.91 1.00 0.91 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1696 1770 1687 1787 3316 1770 3401
Flt Permitted 0.89 1.00 0.89 1.00 0.56 1.00 0.50 1.00
Satd. Flow (perm) 1640 1696 1656 1687 1055 3316 937 3401
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 34 22 34 56 34 45 79 303 124 67 270 45
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 34 56 0 56 79 0 79 427 0 67 315 0
Heavy Vehicles (%) 3% 0% 3% 2% 3% 3% 1% 5% 2% 2% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Effective Green, g (s) 4.5 4.5 4.5 4.5 15.3 15.3 15.3 15.3
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.51 0.51 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 248 256 250 255 542 1703 481 1746
v/s Ratio Prot 0.03 c0.05 c0.13 0.09
v/s Ratio Perm 0.02 0.03 0.07 0.07
v/c Ratio 0.14 0.22 0.22 0.31 0.15 0.25 0.14 0.18
Uniform Delay, d1 11.0 11.1 11.1 11.3 3.8 4.0 3.8 3.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.3 0.4 0.5 0.7 0.1 0.1 0.1 0.0
Delay (s) 11.2 11.5 11.6 12.0 3.9 4.1 3.9 3.9
Level of Service B B B B A A A A
Approach Delay (s) 11.4 11.8 4.1 3.9
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 5.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.26
Actuated Cycle Length (s) 29.8 Sum of lost time (s) 10.0
Intersection Capacity Utilization 38.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 5 150 280 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 7 197 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 368 368
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 368 368
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 478 682 1201

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 204 368
Volume Left 0 7 0
Volume Right 7 0 0
cSH 682 1201 1700
Volume to Capacity 0.01 0.01 0.22
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.3 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.3 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 24.7% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 0 150 280 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 0 195 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 562 367 370
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 562 367 370
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 492 683 1199

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 13 195 370
Volume Left 6 0 0
Volume Right 6 0 6
cSH 572 1199 1700
Volume to Capacity 0.02 0.00 0.22
Queue Length 95th (ft) 2 0 0
Control Delay (s) 11.4 0.0 0.0
Lane LOS B
Approach Delay (s) 11.4 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 140 0 5 150 10 5 5 5 10 5 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 152 0 5 163 11 5 5 5 11 5 22
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 152 399 380 152 383 375 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 152 399 380 152 383 375 168
tC, single (s) 4.3 4.1 7.1 6.5 6.2 7.1 6.5 6.4
tC, 2 stage (s)
tF (s) 2.4 2.2 3.5 4.0 3.3 3.5 4.0 3.5
p0 queue free % 98 100 99 99 99 98 99 97
cM capacity (veh/h) 1301 1441 537 544 899 562 548 819

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 174 179 16 38
Volume Left 22 5 5 11
Volume Right 0 11 5 22
cSH 1301 1441 623 682
Volume to Capacity 0.02 0.00 0.03 0.06
Queue Length 95th (ft) 1 0 2 4
Control Delay (s) 1.1 0.3 10.9 10.6
Lane LOS A A B B
Approach Delay (s) 1.1 0.3 10.9 10.6
Approach LOS B B

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 26.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 160 20 5 20 160 510 20 20 380 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 1091 1746 3028 3501 1468
Flt Permitted 0.73 1.00 1.00 0.86 0.74 0.91 1.00
Satd. Flow (perm) 1378 1900 1091 1528 2266 3180 1468
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 168 22 5 22 168 537 22 22 400 11
RTOR Reduction (vph) 0 0 150 0 20 0 0 1 0 0 0 2
Lane Group Flow (vph) 11 5 18 0 29 0 0 726 0 0 422 9
Heavy Vehicles (%) 0% 0% 48% 0% 0% 0% 59% 5% 0% 0% 3% 10%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.1 9.1 9.1 9.1 65.9 65.9 65.9
Effective Green, g (s) 9.1 9.1 9.1 9.1 65.9 65.9 65.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 148 203 117 164 1757 2465 1138
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 0.02 c0.02 c0.32 0.13 0.01
v/c Ratio 0.07 0.02 0.15 0.18 0.41 0.17 0.01
Uniform Delay, d1 34.2 34.0 34.5 34.5 3.2 2.5 2.2
Progression Factor 1.00 1.00 1.00 1.00 0.92 1.00 1.00
Incremental Delay, d2 0.2 0.0 0.6 0.5 0.6 0.2 0.0
Delay (s) 34.4 34.0 35.1 35.1 3.5 2.6 2.2
Level of Service C C D D A A A
Approach Delay (s) 35.0 35.1 3.5 2.6
Approach LOS C D A A

Intersection Summary
HCM Average Control Delay 8.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 52.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 520 10 160 0 0 470 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1752 1335 1783 1610 1495
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1752 1335 1737 1610 1495
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 160 0 553 11 170 0 0 500 96
RTOR Reduction (vph) 0 0 0 0 0 452 0 0 0 0 0 29
Lane Group Flow (vph) 0 0 0 160 0 101 0 181 0 0 500 67
Heavy Vehicles (%) 0% 0% 0% 3% 0% 21% 10% 6% 0% 0% 18% 8%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 15.6 15.6 59.4 59.4 59.4
Effective Green, g (s) 15.6 15.6 59.4 59.4 59.4
Actuated g/C Ratio 0.18 0.18 0.70 0.70 0.70
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 322 245 1214 1125 1045
v/s Ratio Prot c0.09 c0.31
v/s Ratio Perm 0.08 0.10 0.04
v/c Ratio 0.50 0.41 0.15 0.44 0.06
Uniform Delay, d1 31.2 30.7 4.3 5.6 4.0
Progression Factor 1.00 1.00 0.75 0.88 0.69
Incremental Delay, d2 1.2 1.1 0.3 1.3 0.1
Delay (s) 32.4 31.8 3.5 6.2 2.9
Level of Service C C A A A
Approach Delay (s) 0.0 31.9 3.5 5.7
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 18.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 49.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 0 20 0 0 0 0 120 40 330 280 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 0.97 1.00
Flt Protected 0.97 1.00 0.97
Satd. Flow (prot) 1603 1774 1615
Flt Permitted 0.97 1.00 0.74
Satd. Flow (perm) 1603 1774 1224
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 55 0 22 0 0 0 0 132 44 363 308 0
RTOR Reduction (vph) 0 18 0 0 0 0 0 8 0 0 0 0
Lane Group Flow (vph) 0 59 0 0 0 0 0 168 0 0 671 0
Heavy Vehicles (%) 12% 0% 5% 0% 0% 0% 0% 3% 5% 26% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 6.2 68.8 68.8
Effective Green, g (s) 6.2 68.8 68.8
Actuated g/C Ratio 0.07 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1436 991
v/s Ratio Prot 0.09
v/s Ratio Perm 0.04 c0.55
v/c Ratio 0.51 0.12 0.68
Uniform Delay, d1 37.9 1.7 3.4
Progression Factor 1.00 1.00 0.90
Incremental Delay, d2 3.4 0.2 3.5
Delay (s) 41.4 1.9 6.6
Level of Service D A A
Approach Delay (s) 41.4 0.0 1.9 6.6
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 8.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 60.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 160 5 10 290
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 172 5 11 312
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 508 175 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 508 175 177
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 524 824 1352

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 177 323
Volume Left 0 0 11
Volume Right 5 5 0
cSH 824 1700 1352
Volume to Capacity 0.01 0.10 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 9.4 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.4 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 40 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 51 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 614 636 370 627 614 215 373 241
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 614 636 370 627 614 215 373 241
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 399 394 680 370 405 830 1196 1338

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 253 373
Volume Left 0 38 13 0
Volume Right 13 0 51 6
cSH 547 375 1196 1338
Volume to Capacity 0.03 0.12 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.9 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.9 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 12 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 110 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 110 51
tC, single (s) 4.3 6.5 6.6
tC, 2 stage (s)
tF (s) 2.4 3.6 3.7
p0 queue free % 99 99 99
cM capacity (veh/h) 1444 861 920

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 48 54 18
Volume Left 12 0 12
Volume Right 0 6 6
cSH 1444 1700 880
Volume to Capacity 0.01 0.03 0.02
Queue Length 95th (ft) 1 0 2
Control Delay (s) 1.9 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.9 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 18.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 40 10 80 10 40 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 45 11 90 11 45 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 90 112 281
Volume Left (vph) 22 11 11 45
Volume Right (vph) 22 45 11 45
Hadj (s) -0.11 -0.19 0.01 -0.02
Departure Headway (s) 4.8 4.7 4.6 4.4
Degree Utilization, x 0.09 0.12 0.14 0.34
Capacity (veh/h) 678 696 737 784
Control Delay (s) 8.3 8.3 8.4 9.7
Approach Delay (s) 8.3 8.3 8.4 9.7
Approach LOS A A A A

Intersection Summary
Delay 9.0
HCM Level of Service A
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 460 980 0 570 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 517 1101 0 640 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1618 837 258
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1618 837 258
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 408 309 747

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 258 258 1101 320 320
Volume Left 0 0 0 0 0
Volume Right 0 0 1101 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.15 0.15 0.65 0.19 0.19
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 5 95 75 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 103 82 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 109 73 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 109 73 57
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 89 99
cM capacity (veh/h) 1043 732 790

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 109 82 5
Volume Left 5 0 82 0
Volume Right 0 103 0 5
cSH 1043 1700 732 790
Volume to Capacity 0.01 0.06 0.11 0.01
Queue Length 95th (ft) 0 0 9 1
Control Delay (s) 4.3 0.0 10.5 9.6
Lane LOS A B A
Approach Delay (s) 4.3 0.0 10.5
Approach LOS B

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 17.0% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 80 100 70 80 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 87 109 76 87 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 185 255 147
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 255 147
tC, single (s) 4.5 6.5 6.6
tC, 2 stage (s)
tF (s) 2.6 3.6 3.7
p0 queue free % 99 88 99
cM capacity (veh/h) 1191 718 809

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 98 185 87 11
Volume Left 11 0 87 0
Volume Right 0 76 0 11
cSH 1191 1700 718 809
Volume to Capacity 0.01 0.11 0.12 0.01
Queue Length 95th (ft) 1 0 10 1
Control Delay (s) 1.0 0.0 10.7 9.5
Lane LOS A B A
Approach Delay (s) 1.0 0.0 10.6
Approach LOS B

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 23.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 20 20 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 22 22 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 57 24 27
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 57 24 27
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 952 1058 1600

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 5 5 27 27
Volume Left 5 0 5 0
Volume Right 0 5 0 5
cSH 952 1058 1600 1700
Volume to Capacity 0.01 0.01 0.00 0.02
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 8.8 8.4 1.5 0.0
Lane LOS A A A
Approach Delay (s) 8.6 1.5 0.0
Approach LOS A

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Gardner Proposed Action + Indirect Effects
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 80 100 5 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 87 109 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 114 198 111
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 114 198 111
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1488 795 947

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 87 114 5
Volume Left 0 0 5
Volume Right 0 5 0
cSH 1488 1700 795
Volume to Capacity 0.00 0.07 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.6
Lane LOS A
Approach Delay (s) 0.0 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 15.6% ICU Level of Service A
Analysis Period (min) 15

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 20 0 60 60 10 100 5 100 50 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 24 0 72 72 12 120 6 120 60 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 506 145 139 205
Volume Left (vph) 84 0 12 120
Volume Right (vph) 24 72 6 24
Hadj (s) 0.07 -0.23 0.04 0.12
Departure Headway (s) 5.3 5.6 6.2 6.1
Degree Utilization, x 0.75 0.22 0.24 0.35
Capacity (veh/h) 658 574 507 531
Control Delay (s) 22.1 10.2 11.1 12.3
Approach Delay (s) 22.1 10.2 11.1 12.3
Approach LOS C B B B

Intersection Summary
Delay 16.8
HCM Level of Service C
Intersection Capacity Utilization 51.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 670 70 110 390 120 80 370 220 160 240 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.97 1.00 0.94 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3341 3234 1805 1725 1736 1779
Flt Permitted 0.82 0.56 0.50 1.00 0.20 1.00
Satd. Flow (perm) 2760 1829 943 1725 358 1779
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 770 80 126 448 138 92 425 253 184 276 69
RTOR Reduction (vph) 0 9 0 0 28 0 0 29 0 0 12 0
Lane Group Flow (vph) 0 898 0 0 684 0 92 649 0 184 333 0
Heavy Vehicles (%) 4% 7% 1% 7% 8% 6% 0% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 28.1 28.1 35.2 35.2 35.2 35.2
Effective Green, g (s) 28.1 28.1 35.2 35.2 35.2 35.2
Actuated g/C Ratio 0.37 0.37 0.47 0.47 0.47 0.47
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1034 685 443 810 168 835
v/s Ratio Prot 0.38 0.19
v/s Ratio Perm 0.33 c0.37 0.10 c0.51
v/c Ratio 0.87 1.00 0.21 0.80 1.10 0.40
Uniform Delay, d1 21.7 23.4 11.7 16.9 19.9 13.0
Progression Factor 1.00 0.40 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.8 33.7 0.2 5.7 97.2 0.3
Delay (s) 31.6 43.1 11.9 22.7 117.1 13.3
Level of Service C D B C F B
Approach Delay (s) 31.6 43.1 21.4 49.4
Approach LOS C D C D

Intersection Summary
HCM Average Control Delay 34.9 HCM Level of Service C
HCM Volume to Capacity ratio 1.05
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 101.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1030 10 10 580 50 10 5 30 80 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3582 3499 1799 1857
Flt Permitted 0.94 0.94 0.94 0.81
Satd. Flow (perm) 3357 3275 1714 1559
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 1108 11 11 624 54 11 5 32 86 11 32
RTOR Reduction (vph) 0 0 0 0 5 0 0 28 0 0 21 0
Lane Group Flow (vph) 0 1141 0 0 684 0 0 20 0 0 108 0
Heavy Vehicles (%) 0% 6% 0% 0% 8% 0% 0% 0% 0% 0% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 56.3 56.3 9.7 9.7
Effective Green, g (s) 56.3 56.3 9.7 9.7
Actuated g/C Ratio 0.75 0.75 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2520 2458 222 202
v/s Ratio Prot
v/s Ratio Perm c0.34 0.21 0.01 c0.07
v/c Ratio 0.45 0.28 0.09 0.54
Uniform Delay, d1 3.5 2.9 28.8 30.5
Progression Factor 0.45 0.81 1.00 1.00
Incremental Delay, d2 0.3 0.1 0.2 2.7
Delay (s) 1.9 2.5 28.9 33.3
Level of Service A A C C
Approach Delay (s) 1.9 2.5 28.9 33.3
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1120 10 10 580 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3429 3297 1605 1740
Flt Permitted 0.91 0.93 0.95 0.76
Satd. Flow (perm) 3123 3077 1545 1372
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 1204 11 11 624 65 5 5 22 108 5 32
RTOR Reduction (vph) 0 1 0 0 9 0 0 19 0 0 14 0
Lane Group Flow (vph) 0 1257 0 0 691 0 0 13 0 0 131 0
Heavy Vehicles (%) 5% 5% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 54.1 54.1 11.9 11.9
Effective Green, g (s) 54.1 54.1 11.9 11.9
Actuated g/C Ratio 0.72 0.72 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2253 2220 245 218
v/s Ratio Prot
v/s Ratio Perm c0.40 0.22 0.01 c0.10
v/c Ratio 0.56 0.31 0.06 0.60
Uniform Delay, d1 4.9 3.8 26.8 29.3
Progression Factor 0.79 0.66 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 4.4
Delay (s) 4.8 2.6 26.9 33.7
Level of Service A A C C
Approach Delay (s) 4.8 2.6 26.9 33.7
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 6.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 82.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 1070 150 40 460 180 150 130 130 490 170 60
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3585 1568 1752 3312 1583 1770 3539 1538 3433 3505 1538
Flt Permitted 0.42 1.00 1.00 0.15 1.00 1.00 0.63 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 751 3585 1568 276 3312 1583 1181 3539 1538 3433 3505 1538
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 1176 165 44 505 198 165 143 143 538 187 66
RTOR Reduction (vph) 0 0 104 0 0 128 0 0 128 0 0 56
Lane Group Flow (vph) 88 1176 61 44 505 70 165 143 15 538 187 10
Heavy Vehicles (%) 5% 6% 3% 3% 9% 2% 2% 2% 5% 2% 3% 5%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 32.7 27.9 27.9 30.3 26.7 26.7 16.7 8.0 8.0 12.5 11.8 11.8
Effective Green, g (s) 32.7 27.9 27.9 30.3 26.7 26.7 16.7 8.0 8.0 12.5 11.8 11.8
Actuated g/C Ratio 0.44 0.37 0.37 0.40 0.36 0.36 0.22 0.11 0.11 0.17 0.16 0.16
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 389 1334 583 182 1179 564 331 377 164 572 551 242
v/s Ratio Prot c0.01 c0.33 0.01 0.15 0.06 0.04 c0.16 c0.05
v/s Ratio Perm 0.08 0.04 0.09 0.04 c0.05 0.01 0.01
v/c Ratio 0.23 0.88 0.11 0.24 0.43 0.12 0.50 0.38 0.09 0.94 0.34 0.04
Uniform Delay, d1 12.6 22.0 15.4 15.7 18.4 16.3 25.0 31.2 30.2 30.9 28.1 26.8
Progression Factor 0.51 0.63 0.44 0.71 0.96 1.66 0.95 0.92 0.75 1.00 1.00 1.00
Incremental Delay, d2 0.1 7.7 0.3 0.2 1.1 0.4 0.4 0.2 0.1 23.6 0.1 0.0
Delay (s) 6.6 21.5 7.0 11.4 18.7 27.4 24.1 29.1 22.9 54.5 28.3 26.8
Level of Service A C A B B C C C C D C C
Approach Delay (s) 18.9 20.6 25.3 46.0
Approach LOS B C C D

Intersection Summary
HCM Average Control Delay 26.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 22.0
Intersection Capacity Utilization 72.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 60 10 1450 240 10 650
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1615 3619 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1615 3619 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 62 10 1495 247 10 670
RTOR Reduction (vph) 0 8 0 94 0 0
Lane Group Flow (vph) 62 2 1495 153 10 670
Heavy Vehicles (%) 2% 0% 5% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 11.3 11.3 48.3 11.3 1.4 53.7
Effective Green, g (s) 11.3 11.3 48.3 11.3 1.4 53.7
Actuated g/C Ratio 0.15 0.15 0.64 0.15 0.02 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 267 243 2331 236 34 2543
v/s Ratio Prot 0.04 c0.41 c0.10 0.01 c0.19
v/s Ratio Perm 0.00
v/c Ratio 0.23 0.01 0.64 0.65 0.29 0.26
Uniform Delay, d1 28.0 27.1 8.1 30.0 36.3 3.7
Progression Factor 1.00 1.00 0.51 1.72 1.00 1.00
Incremental Delay, d2 0.4 0.0 0.7 3.2 4.8 0.3
Delay (s) 28.5 27.1 4.9 54.8 41.1 4.0
Level of Service C C A D D A
Approach Delay (s) 28.3 12.0 4.5
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 52.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 1490 110 270 1380 70 90 20 510 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3654 1615 1825 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.64 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3654 1615 1379 2842 1189 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 1674 124 303 1551 79 101 22 573 45 11 45
RTOR Reduction (vph) 0 0 53 0 0 29 0 0 0 0 39 0
Lane Group Flow (vph) 56 1674 71 303 1551 50 0 123 573 45 17 0
Heavy Vehicles (%) 0% 3% 0% 2% 4% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.4 51.2 51.2 11.8 56.6 56.6 11.4 27.2 11.4 11.4
Effective Green, g (s) 6.4 51.2 51.2 11.8 56.6 56.6 11.4 23.2 11.4 11.4
Actuated g/C Ratio 0.07 0.57 0.57 0.13 0.63 0.63 0.13 0.26 0.13 0.13
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 128 2099 919 450 2298 1016 175 733 151 203
v/s Ratio Prot 0.03 c0.45 0.09 0.42 c0.20 0.01
v/s Ratio Perm 0.04 0.03 0.09 0.04
v/c Ratio 0.44 0.80 0.08 0.67 0.67 0.05 0.70 0.78 0.30 0.08
Uniform Delay, d1 40.1 15.3 8.7 37.3 10.8 6.4 37.7 31.0 35.7 34.7
Progression Factor 1.00 1.00 1.00 0.83 0.64 0.94 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 3.3 0.2 1.9 1.0 0.1 10.0 5.0 0.4 0.1
Delay (s) 40.9 18.6 8.9 32.7 7.8 6.1 47.6 36.1 36.1 34.7
Level of Service D B A C A A D D D C
Approach Delay (s) 18.6 11.7 38.1 35.3
Approach LOS B B D D

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 79.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1990 50 50 550 0 0 0 0 60 0 1160
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1671 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1671 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2095 53 53 579 0 0 0 0 63 0 1221
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2146 0 53 579 0 0 0 0 63 0 1221
Heavy Vehicles (%) 0% 2% 18% 8% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 65.2 4.2 28.4 5.6 41.0
Effective Green, g (s) 65.2 4.2 28.4 5.6 41.0
Actuated g/C Ratio 0.72 0.05 0.32 0.06 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2545 78 1164 102 1257
v/s Ratio Prot c0.61 0.03 c0.16 c0.04 c0.44
v/s Ratio Perm
v/c Ratio 0.84 0.68 0.50 0.62 0.97
Uniform Delay, d1 8.8 42.2 25.0 41.2 23.9
Progression Factor 0.64 0.97 0.84 1.00 1.00
Incremental Delay, d2 2.4 18.0 1.3 10.6 18.8
Delay (s) 8.0 59.0 22.4 51.8 42.7
Level of Service A E C D D
Approach Delay (s) 8.0 25.4 0.0 43.2
Approach LOS A C A D

Intersection Summary
HCM Average Control Delay 21.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 67.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 430 140 170 0 110 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3689 1801 1629
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3689 1801 1629
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 489 159 193 0 125 0 0 0
RTOR Reduction (vph) 0 0 0 0 10 0 0 29 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 638 0 0 289 0 0 0 0
Heavy Vehicles (%) 0% 3% 0% 0% 2% 2% 8% 0% 6% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 59.0 59.0 21.0
Effective Green, g (s) 59.0 59.0 21.0
Actuated g/C Ratio 0.66 0.66 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2418 1181 380
v/s Ratio Prot 0.12 c0.35
v/s Ratio Perm 0.18
v/c Ratio 0.19 0.54 0.76
Uniform Delay, d1 6.1 8.3 32.2
Progression Factor 0.31 1.00 1.00
Incremental Delay, d2 0.1 1.8 8.7
Delay (s) 2.0 10.0 40.8
Level of Service A B D
Approach Delay (s) 2.0 10.0 40.8 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 14.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 105.5% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
10: Sante Fe & Moonlight AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 50 110 300 80 140 220
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3408 1787 3471
Flt Permitted 0.95 1.00 1.00 0.51 1.00
Satd. Flow (perm) 1770 1583 3408 963 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 54 118 323 86 151 237
RTOR Reduction (vph) 0 107 18 0 0 0
Lane Group Flow (vph) 54 11 391 0 151 237
Heavy Vehicles (%) 2% 2% 3% 1% 1% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.8 6.8 58.2 58.2 58.2
Effective Green, g (s) 6.8 6.8 58.2 58.2 58.2
Actuated g/C Ratio 0.09 0.09 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 160 144 2645 747 2693
v/s Ratio Prot c0.03 0.11 0.07
v/s Ratio Perm 0.01 c0.16
v/c Ratio 0.34 0.07 0.15 0.20 0.09
Uniform Delay, d1 32.0 31.2 2.1 2.2 2.0
Progression Factor 1.00 1.00 1.00 0.98 0.85
Incremental Delay, d2 1.3 0.2 0.1 0.6 0.1
Delay (s) 33.2 31.4 2.2 2.8 1.8
Level of Service C C A A A
Approach Delay (s) 32.0 2.2 2.2
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 7.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.22
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 30 50 10 50 10 70 290 10 190 90 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 38 63 13 63 13 89 367 13 241 114 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1196 1158 373 1234 1158 120 127 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1196 1158 373 1234 1158 120 127 380
tC, single (s) 7.1 6.5 6.5 7.1 6.5 6.3 4.1 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.4 2.2 2.3
p0 queue free % 93 74 90 86 57 99 94 79
cM capacity (veh/h) 87 145 611 90 146 910 1453 1152

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 108 89 468 367
Volume Left 6 13 89 241
Volume Right 63 13 13 13
cSH 246 150 1453 1152
Volume to Capacity 0.44 0.59 0.06 0.21
Queue Length 95th (ft) 52 77 5 20
Control Delay (s) 30.6 58.6 1.9 6.6
Lane LOS D F A A
Approach Delay (s) 30.6 58.6 1.9 6.6
Approach LOS D F

Intersection Summary
Average Delay 11.4
Intersection Capacity Utilization 52.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 5 10 10 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 5 11 11 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 27 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 11 5 5
Hadj (s) -0.10 -0.20 -0.04 -0.10
Departure Headway (s) 3.9 3.8 4.0 3.9
Degree Utilization, x 0.02 0.03 0.03 0.02
Capacity (veh/h) 898 924 880 900
Control Delay (s) 7.0 6.9 7.1 7.0
Approach Delay (s) 7.0 6.9 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 0 0 360 100 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 456 127 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 585 130 133
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 585 130 133
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 476 925 1464

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 6 456 133
Volume Left 6 0 0
Volume Right 0 0 6
cSH 476 1464 1700
Volume to Capacity 0.01 0.00 0.08
Queue Length 95th (ft) 1 0 0
Control Delay (s) 12.7 0.0 0.0
Lane LOS B
Approach Delay (s) 12.7 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 28.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 90 50 20 10 80
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 98 54 22 11 87
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 65 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 65 76
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 90 99
cM capacity (veh/h) 815 1004 1536

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 120 76 98
Volume Left 22 0 11
Volume Right 98 22 0
cSH 964 1700 1536
Volume to Capacity 0.12 0.04 0.01
Queue Length 95th (ft) 11 0 1
Control Delay (s) 9.3 0.0 0.9
Lane LOS A A
Approach Delay (s) 9.3 0.0 0.9
Approach LOS A

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 24.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 20 110 130 30 110 90 480 50 40 400 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.87 1.00 0.88 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1658 1805 1676 1805 3435 1805 3485
Flt Permitted 0.63 1.00 0.35 1.00 0.45 1.00 0.39 1.00
Satd. Flow (perm) 1203 1658 662 1676 853 3435 734 3485
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 22 124 146 34 124 101 539 56 45 449 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 56 146 0 146 158 0 101 595 0 45 471 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 22.8 15.9 31.2 21.8 78.8 71.9 73.2 68.8
Effective Green, g (s) 22.8 15.9 31.2 21.8 78.8 71.9 73.2 68.8
Actuated g/C Ratio 0.20 0.14 0.27 0.19 0.69 0.63 0.64 0.60
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 275 229 307 318 647 2148 508 2085
v/s Ratio Prot 0.01 c0.09 c0.05 0.09 c0.01 c0.17 0.00 0.14
v/s Ratio Perm 0.03 0.08 0.10 0.05
v/c Ratio 0.20 0.64 0.48 0.50 0.16 0.28 0.09 0.23
Uniform Delay, d1 38.1 46.8 33.6 41.7 8.2 9.8 10.8 10.7
Progression Factor 1.00 1.00 1.00 1.00 0.98 0.94 1.00 1.00
Incremental Delay, d2 0.4 5.7 1.2 1.2 0.1 0.3 0.1 0.1
Delay (s) 38.6 52.6 34.8 42.9 8.2 9.5 10.8 10.8
Level of Service D D C D A A B B
Approach Delay (s) 48.7 39.0 9.3 10.8
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 19.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 115.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 46.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 0 10 10 370 110 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 13 13 487 145 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 658 145 145
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 658 145 145
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 428 908 1450

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 13 500 145
Volume Left 0 13 0
Volume Right 13 0 0
cSH 908 1450 1700
Volume to Capacity 0.01 0.01 0.09
Queue Length 95th (ft) 1 1 0
Control Delay (s) 9.0 0.3 0.0
Lane LOS A A
Approach Delay (s) 9.0 0.3 0.0
Approach LOS A

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 36.7% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SER NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 10 5 0 380 110 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 6 0 494 143 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 640 146 149
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 640 146 149
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 443 906 1444

Direction, Lane # SE 1 NE 1 SW 1
Volume Total 19 494 149
Volume Left 13 0 0
Volume Right 6 0 6
cSH 534 1444 1700
Volume to Capacity 0.04 0.00 0.09
Queue Length 95th (ft) 3 0 0
Control Delay (s) 12.0 0.0 0.0
Lane LOS B
Approach Delay (s) 12.0 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 30.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 140 5 5 220 50 5 5 5 40 5 60
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 152 5 5 239 54 5 5 5 43 5 65
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 158 543 503 155 484 478 266
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 158 543 503 155 484 478 266
tC, single (s) 4.6 4.1 7.1 6.5 6.2 7.2 6.5 6.4
tC, 2 stage (s)
tF (s) 2.7 2.2 3.5 4.0 3.3 3.6 4.0 3.4
p0 queue free % 98 100 99 99 99 91 99 91
cM capacity (veh/h) 1038 1434 402 462 896 460 477 742

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 179 299 16 114
Volume Left 22 5 5 43
Volume Right 5 54 5 65
cSH 1038 1434 520 589
Volume to Capacity 0.02 0.00 0.03 0.19
Queue Length 95th (ft) 2 0 2 18
Control Delay (s) 1.2 0.2 12.1 12.6
Lane LOS A A B B
Approach Delay (s) 1.2 0.2 12.1 12.6
Approach LOS B B

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 34.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 180 10 5 10 240 330 5 5 570 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.98 1.00 1.00
Satd. Flow (prot) 1805 1900 1049 1760 3071 3538 1538
Flt Permitted 0.74 1.00 1.00 0.88 0.61 0.95 1.00
Satd. Flow (perm) 1405 1900 1049 1589 1904 3367 1538
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 189 11 5 11 253 347 5 5 600 21
RTOR Reduction (vph) 0 0 172 0 10 0 0 0 0 0 0 4
Lane Group Flow (vph) 11 5 17 0 17 0 0 605 0 0 605 17
Heavy Vehicles (%) 0% 0% 54% 0% 0% 0% 29% 5% 0% 0% 2% 5%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 10.1 10.1 10.1 10.1 94.9 94.9 94.9
Effective Green, g (s) 10.1 10.1 10.1 10.1 94.9 94.9 94.9
Actuated g/C Ratio 0.09 0.09 0.09 0.09 0.83 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 123 167 92 140 1571 2779 1269
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 c0.02 0.01 c0.32 0.18 0.01
v/c Ratio 0.09 0.03 0.18 0.12 0.38 0.22 0.01
Uniform Delay, d1 48.2 48.0 48.6 48.4 2.6 2.1 1.8
Progression Factor 1.00 1.00 1.00 1.00 0.71 0.37 0.46
Incremental Delay, d2 0.3 0.1 0.9 0.4 0.7 0.2 0.0
Delay (s) 48.5 48.0 49.6 48.7 2.5 1.0 0.8
Level of Service D D D D A A A
Approach Delay (s) 49.5 48.7 2.5 1.0
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 115.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 290 10 290 0 0 700 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1282 1826 1667 1442
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1671 1282 1783 1667 1442
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 309 11 309 0 0 745 64
RTOR Reduction (vph) 0 0 0 0 0 280 0 0 0 0 0 12
Lane Group Flow (vph) 0 0 0 43 0 29 0 320 0 0 745 52
Heavy Vehicles (%) 0% 0% 0% 8% 0% 26% 0% 4% 0% 0% 14% 12%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 10.8 10.8 94.2 94.2 94.2
Effective Green, g (s) 10.8 10.8 94.2 94.2 94.2
Actuated g/C Ratio 0.09 0.09 0.82 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 120 1461 1365 1181
v/s Ratio Prot c0.03 c0.45
v/s Ratio Perm 0.02 0.18 0.04
v/c Ratio 0.27 0.24 0.22 0.55 0.04
Uniform Delay, d1 48.5 48.3 2.3 3.4 2.0
Progression Factor 1.00 1.00 1.52 0.72 0.17
Incremental Delay, d2 0.9 1.0 0.3 1.5 0.1
Delay (s) 49.4 49.4 3.7 4.0 0.4
Level of Service D D A A A
Approach Delay (s) 0.0 49.4 3.7 3.7
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 14.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 115.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 0 20 0 0 0 0 180 210 610 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.93 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1716 1721 1599
Flt Permitted 0.96 1.00 0.51
Satd. Flow (perm) 1716 1721 857
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 132 0 22 0 0 0 0 198 231 670 154 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 0 148 0 0 0 0 0 393 0 0 824 0
Heavy Vehicles (%) 4% 0% 5% 0% 0% 0% 0% 4% 1% 17% 2% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 8.0 97.0 97.0
Effective Green, g (s) 8.0 97.0 97.0
Actuated g/C Ratio 0.07 0.84 0.84
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 119 1452 723
v/s Ratio Prot 0.23
v/s Ratio Perm 0.09 c0.96
v/c Ratio 1.25 0.27 1.14
Uniform Delay, d1 53.5 1.8 9.0
Progression Factor 1.00 1.00 1.30
Incremental Delay, d2 163.2 0.5 77.4
Delay (s) 216.7 2.3 89.0
Level of Service F A F
Approach Delay (s) 216.7 0.0 2.3 89.0
Approach LOS F A A F

Intersection Summary
HCM Average Control Delay 76.6 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 115.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 83.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 380 0 5 150
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 409 0 5 161
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 581 409 409
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 581 409 409
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 98 99
cM capacity (veh/h) 477 647 1060

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 409 167
Volume Left 0 0 5
Volume Right 11 0 0
cSH 647 1700 1060
Volume to Capacity 0.02 0.24 0.01
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.7 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.7 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 30.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 40 0 0 10 390 70 5 110 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 51 0 0 13 494 89 6 139 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 715 759 139 731 715 538 139 582
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 715 759 139 731 715 538 139 582
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 84 100 100 99 99
cM capacity (veh/h) 344 333 914 317 353 547 1457 1002

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 51 595 146
Volume Left 6 51 13 6
Volume Right 13 0 89 0
cSH 494 317 1457 1002
Volume to Capacity 0.05 0.16 0.01 0.01
Queue Length 95th (ft) 4 14 1 0
Control Delay (s) 12.7 18.5 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 12.7 18.5 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 42.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 410 60 20 130 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 526 77 26 167 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 603 782 564
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 603 782 564
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 93 88
cM capacity (veh/h) 960 349 525

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 603 192 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 960 459
Volume to Capacity 0.35 0.03 0.20
Queue Length 95th (ft) 0 2 18
Control Delay (s) 0.0 1.4 14.7
Lane LOS A B
Approach Delay (s) 0.0 1.4 14.7
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 30 20 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 12 83 36 24 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 155 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 155 48
tC, single (s) 4.3 6.6 6.6
tC, 2 stage (s)
tF (s) 2.4 3.7 3.7
p0 queue free % 99 98 99
cM capacity (veh/h) 1437 790 923

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 95 60 18
Volume Left 12 0 12
Volume Right 0 24 6
cSH 1437 1700 830
Volume to Capacity 0.01 0.04 0.02
Queue Length 95th (ft) 1 0 2
Control Delay (s) 1.0 0.0 9.4
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 30 10 5 30 70 10 270 10 40 70 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 79 34 11 6 34 79 11 303 11 45 79 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 124 118 326 169
Volume Left (vph) 79 6 11 45
Volume Right (vph) 11 79 11 45
Hadj (s) 0.13 -0.34 0.03 -0.07
Departure Headway (s) 5.4 5.0 4.8 4.9
Degree Utilization, x 0.19 0.16 0.44 0.23
Capacity (veh/h) 597 643 716 680
Control Delay (s) 9.7 9.0 11.5 9.4
Approach Delay (s) 9.7 9.0 11.5 9.4
Approach LOS A A B A

Intersection Summary
Delay 10.3
HCM Level of Service B
Intersection Capacity Utilization 45.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 410 1650 0 600 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 461 1854 0 674 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2315 798 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2315 798 230
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 219 328 778

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 230 230 1854 337 337
Volume Left 0 0 0 0 0
Volume Right 0 0 1854 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.14 0.14 1.09 0.20 0.20
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 105.5% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 10 5 70 95 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 76 103 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 65 43
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 65 43
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1071 741 806

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 16 82 103 5
Volume Left 5 0 103 0
Volume Right 0 76 0 5
cSH 1071 1700 741 806
Volume to Capacity 0.01 0.05 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 2.8 0.0 10.6 9.5
Lane LOS A B A
Approach Delay (s) 2.8 0.0 10.6
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 16.9% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 120 90 180 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 130 98 196 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 348 196
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 348 196
tC, single (s) 4.5 6.8 7.0
tC, 2 stage (s)
tF (s) 2.6 3.8 4.0
p0 queue free % 99 94 99
cM capacity (veh/h) 1080 578 681

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 141 293 33 5
Volume Left 11 0 33 0
Volume Right 0 196 0 5
cSH 1080 1700 578 681
Volume to Capacity 0.01 0.17 0.06 0.01
Queue Length 95th (ft) 1 0 4 1
Control Delay (s) 0.7 0.0 11.6 10.3
Lane LOS A B B
Approach Delay (s) 0.7 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 25.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 30 30 30 70 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 33 33 33 76 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 190 92 109
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 190 92 109
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 786 970 1494

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 33 33 65 109
Volume Left 33 0 33 0
Volume Right 0 33 0 33
cSH 786 970 1494 1700
Volume to Capacity 0.04 0.03 0.02 0.06
Queue Length 95th (ft) 3 3 2 0
Control Delay (s) 9.8 8.8 3.8 0.0
Lane LOS A A A
Approach Delay (s) 9.3 3.8 0.0
Approach LOS A

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 19.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
83: Driveway D & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 20 90 40 70 170
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 22 98 43 76 185
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 408 168 261
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 408 168 261
tC, single (s) 6.8 6.7 4.2
tC, 2 stage (s)
tF (s) 3.9 3.8 2.3
p0 queue free % 93 97 92
cM capacity (veh/h) 492 765 1258

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 33 22 141 261
Volume Left 33 0 98 0
Volume Right 0 22 0 185
cSH 492 765 1258 1700
Volume to Capacity 0.07 0.03 0.08 0.15
Queue Length 95th (ft) 5 2 6 0
Control Delay (s) 12.8 9.8 5.8 0.0
Lane LOS B A A
Approach Delay (s) 11.6 5.8 0.0
Approach LOS B

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 105 70 20 20 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 114 76 22 22 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 212 87
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 212 87
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 97 99
cM capacity (veh/h) 1508 778 977

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 120 98 27
Volume Left 5 0 22
Volume Right 0 22 5
cSH 1508 1700 811
Volume to Capacity 0.00 0.06 0.03
Queue Length 95th (ft) 0 0 3
Control Delay (s) 0.4 0.0 9.6
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 19.6% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 10 5 320 90 20 40 5 40 40 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 12 6 386 108 24 48 6 48 48 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 157 500 78 120
Volume Left (vph) 24 6 24 48
Volume Right (vph) 12 108 6 24
Hadj (s) 0.06 -0.07 0.04 -0.02
Departure Headway (s) 5.2 4.6 5.8 5.6
Degree Utilization, x 0.23 0.64 0.13 0.19
Capacity (veh/h) 643 754 538 566
Control Delay (s) 9.7 15.7 9.6 9.9
Approach Delay (s) 9.7 15.7 9.6 9.9
Approach LOS A C A A

Intersection Summary
Delay 13.2
HCM Level of Service B
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 420 60 250 820 250 70 170 160 160 170 70
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.96
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3284 3358 1787 1694 1736 1752
Flt Permitted 0.64 0.69 0.45 1.00 0.30 1.00
Satd. Flow (perm) 2121 2335 846 1694 541 1752
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 483 69 287 943 287 80 195 184 184 195 80
RTOR Reduction (vph) 0 10 0 0 20 0 0 34 0 0 15 0
Lane Group Flow (vph) 0 599 0 0 1497 0 80 345 0 184 260 0
Heavy Vehicles (%) 2% 9% 2% 1% 5% 1% 1% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 59.1 59.1 29.2 29.2 29.2 29.2
Effective Green, g (s) 59.1 59.1 29.2 29.2 29.2 29.2
Actuated g/C Ratio 0.59 0.59 0.29 0.29 0.29 0.29
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1254 1380 247 495 158 512
v/s Ratio Prot 0.20 0.15
v/s Ratio Perm 0.28 c0.64 0.09 c0.34
v/c Ratio 0.48 1.08 0.32 0.70 1.16 0.51
Uniform Delay, d1 11.7 20.5 27.7 31.5 35.4 29.4
Progression Factor 1.00 0.47 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 49.2 0.8 4.3 122.7 0.8
Delay (s) 13.0 58.8 28.4 35.7 158.1 30.2
Level of Service B E C D F C
Approach Delay (s) 13.0 58.8 34.5 81.5
Approach LOS B E C F

Intersection Summary
HCM Average Control Delay 49.4 HCM Level of Service D
HCM Volume to Capacity ratio 1.11
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 100.0% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 760 20 40 1290 40 20 10 50 70 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3577 3671 1765 1856
Flt Permitted 0.93 0.90 0.92 0.72
Satd. Flow (perm) 3324 3304 1638 1373
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 817 22 43 1387 43 22 11 54 75 11 32
RTOR Reduction (vph) 0 1 0 0 1 0 0 47 0 0 16 0
Lane Group Flow (vph) 0 849 0 0 1472 0 0 40 0 0 102 0
Heavy Vehicles (%) 0% 6% 0% 3% 3% 0% 5% 0% 2% 1% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 78.3 78.3 12.7 12.7
Effective Green, g (s) 78.3 78.3 12.7 12.7
Actuated g/C Ratio 0.78 0.78 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2603 2587 208 174
v/s Ratio Prot
v/s Ratio Perm 0.26 c0.45 0.02 c0.07
v/c Ratio 0.33 0.57 0.19 0.59
Uniform Delay, d1 3.2 4.2 39.1 41.2
Progression Factor 0.60 0.22 1.00 1.00
Incremental Delay, d2 0.2 0.2 0.5 5.0
Delay (s) 2.1 1.2 39.5 46.2
Level of Service A A D D
Approach Delay (s) 2.1 1.2 39.5 46.2
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 870 10 30 1380 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3402 3492 1678 1776
Flt Permitted 0.93 0.91 0.92 0.87
Satd. Flow (perm) 3164 3197 1567 1583
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 935 11 32 1484 43 11 5 22 43 11 22
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 16 0
Lane Group Flow (vph) 0 956 0 0 1557 0 0 18 0 0 60 0
Heavy Vehicles (%) 0% 6% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 83.0 83.0 8.0 8.0
Effective Green, g (s) 83.0 83.0 8.0 8.0
Actuated g/C Ratio 0.83 0.83 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2626 2654 125 127
v/s Ratio Prot
v/s Ratio Perm 0.30 c0.49 0.01 c0.04
v/c Ratio 0.36 0.59 0.14 0.48
Uniform Delay, d1 2.1 2.8 42.8 44.0
Progression Factor 0.98 0.81 1.00 1.00
Incremental Delay, d2 0.4 0.2 0.5 2.8
Delay (s) 2.4 2.5 43.3 46.8
Level of Service A A D D
Approach Delay (s) 2.4 2.5 43.3 46.8
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 75.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 560 250 190 1160 600 150 190 60 280 240 110
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3551 1583 1770 3505 1583 1770 3539 1583 3433 3539 1553
Flt Permitted 0.11 1.00 1.00 0.37 1.00 1.00 0.59 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 206 3551 1583 687 3505 1583 1097 3539 1583 3433 3539 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 154 615 275 209 1275 659 165 209 66 308 264 121
RTOR Reduction (vph) 0 0 143 0 0 250 0 0 60 0 0 108
Lane Group Flow (vph) 154 615 132 209 1275 409 165 209 6 308 264 13
Heavy Vehicles (%) 4% 7% 2% 2% 3% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 55.9 47.9 47.9 57.7 48.8 48.8 17.5 8.4 8.4 11.8 11.1 11.1
Effective Green, g (s) 55.9 47.9 47.9 57.7 48.8 48.8 17.5 8.4 8.4 11.8 11.1 11.1
Actuated g/C Ratio 0.56 0.48 0.48 0.58 0.49 0.49 0.18 0.08 0.08 0.12 0.11 0.11
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 238 1701 758 493 1710 773 253 297 133 405 393 172
v/s Ratio Prot c0.05 0.17 0.04 c0.36 0.06 0.06 c0.09 c0.07
v/s Ratio Perm 0.31 0.08 0.21 0.26 0.05 0.00 0.01
v/c Ratio 0.65 0.36 0.17 0.42 0.75 0.53 0.65 0.70 0.04 0.76 0.67 0.08
Uniform Delay, d1 15.0 16.4 14.8 10.4 20.6 17.7 37.5 44.6 42.1 42.7 42.7 39.9
Progression Factor 1.35 0.76 0.83 0.67 0.82 0.80 0.93 0.94 0.79 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.6 0.5 0.2 2.4 2.0 4.5 6.0 0.0 7.4 3.5 0.1
Delay (s) 24.6 13.0 12.7 7.2 19.2 16.1 39.3 48.0 33.4 50.1 46.2 39.9
Level of Service C B B A B B D D C D D D
Approach Delay (s) 14.6 17.1 42.5 46.9
Approach LOS B B D D

Intersection Summary
HCM Average Control Delay 23.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 74.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 130 20 780 120 10 1830
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3619 1568 1805 3689
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3619 1568 1805 3689
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 134 21 804 124 10 1887
RTOR Reduction (vph) 0 18 0 66 0 0
Lane Group Flow (vph) 134 3 804 58 10 1887
Heavy Vehicles (%) 4% 5% 5% 3% 0% 3%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 12.8 12.8 71.7 12.8 1.5 76.2
Effective Green, g (s) 12.8 12.8 71.7 12.8 1.5 76.2
Actuated g/C Ratio 0.13 0.13 0.72 0.13 0.02 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 222 197 2595 201 27 2811
v/s Ratio Prot c0.08 0.22 0.04 0.01 c0.51
v/s Ratio Perm 0.00
v/c Ratio 0.60 0.01 0.31 0.29 0.37 0.67
Uniform Delay, d1 41.2 38.1 5.1 39.5 48.8 5.8
Progression Factor 1.00 1.00 1.28 1.17 1.00 1.00
Incremental Delay, d2 4.6 0.0 0.3 0.7 8.4 1.3
Delay (s) 45.8 38.1 6.9 46.8 57.2 7.1
Level of Service D D A D E A
Approach Delay (s) 44.7 12.2 7.4
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 10.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 64.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1410 180 520 1430 40 140 20 400 40 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.89
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3654 1615 1820 2842 1805 1685
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.43 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3654 1615 1368 2842 809 1685
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1584 202 584 1607 45 157 22 449 45 11 34
RTOR Reduction (vph) 0 0 94 0 0 15 0 0 0 0 29 0
Lane Group Flow (vph) 45 1584 108 584 1607 30 0 179 449 45 16 0
Heavy Vehicles (%) 0% 3% 1% 0% 4% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.4 63.9 63.9 22.6 80.1 80.1 17.9 44.5 17.9 17.9
Effective Green, g (s) 6.4 63.9 63.9 22.6 80.1 80.1 17.9 40.5 17.9 17.9
Actuated g/C Ratio 0.05 0.53 0.53 0.19 0.67 0.67 0.15 0.34 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 96 1964 851 660 2439 1078 204 959 121 251
v/s Ratio Prot 0.02 c0.43 c0.17 0.44 0.16 0.01
v/s Ratio Perm 0.07 0.02 c0.13 0.06
v/c Ratio 0.47 0.81 0.13 0.88 0.66 0.03 0.88 0.47 0.37 0.06
Uniform Delay, d1 55.1 23.0 14.1 47.4 11.8 6.8 50.0 31.3 46.0 43.9
Progression Factor 1.00 1.00 1.00 0.80 0.47 0.19 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 3.7 0.3 7.0 0.7 0.0 31.0 0.1 0.7 0.0
Delay (s) 56.5 26.7 14.4 45.1 6.2 1.3 81.0 31.4 46.7 43.9
Level of Service E C B D A A F C D D
Approach Delay (s) 26.0 16.3 45.5 45.3
Approach LOS C B D D

Intersection Summary
HCM Average Control Delay 24.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1610 240 130 540 0 0 0 0 140 0 1450
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3437 1687 3725 1787 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3437 1687 3725 1787 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1695 253 137 568 0 0 0 0 147 0 1526
RTOR Reduction (vph) 0 10 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1938 0 137 568 0 0 0 0 147 0 1526
Heavy Vehicles (%) 0% 3% 3% 7% 2% 0% 0% 0% 0% 1% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 77.3 14.7 27.1 13.0 64.9
Effective Green, g (s) 77.3 14.7 27.1 13.0 64.9
Actuated g/C Ratio 0.64 0.12 0.23 0.11 0.54
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2214 207 841 194 1493
v/s Ratio Prot c0.56 0.08 c0.15 c0.08 c0.55
v/s Ratio Perm
v/c Ratio 0.88 0.66 0.68 0.76 1.02
Uniform Delay, d1 17.4 50.3 42.4 52.0 27.6
Progression Factor 0.59 0.96 0.96 1.00 1.00
Incremental Delay, d2 3.7 7.0 3.9 15.5 29.0
Delay (s) 14.0 55.3 44.5 67.5 56.6
Level of Service B E D E E
Approach Delay (s) 14.0 46.6 0.0 57.5
Approach LOS B D A E

Intersection Summary
HCM Average Control Delay 36.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 540 0 0 580 20 90 0 60 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1832 1595
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1832 1595
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 614 0 0 659 23 102 0 68 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 22 0 0 0 0
Lane Group Flow (vph) 0 614 0 0 681 0 0 148 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 7% 0% 13% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 93.7 93.7 16.3
Effective Green, g (s) 93.7 93.7 16.3
Actuated g/C Ratio 0.78 0.78 0.14
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2937 1430 217
v/s Ratio Prot 0.16 c0.37
v/s Ratio Perm 0.09
v/c Ratio 0.21 0.48 0.68
Uniform Delay, d1 3.4 4.6 49.4
Progression Factor 1.22 1.00 1.00
Incremental Delay, d2 0.1 1.1 8.2
Delay (s) 4.3 5.7 57.6
Level of Service A A E
Approach Delay (s) 4.3 5.7 57.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 11.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
10: Sante Fe & Moonlight PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 110 130 270 70 160 530
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3457 1770 3539
Flt Permitted 0.95 1.00 1.00 0.53 1.00
Satd. Flow (perm) 1770 1583 3457 995 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 118 140 290 75 172 570
RTOR Reduction (vph) 0 123 13 0 0 0
Lane Group Flow (vph) 118 17 352 0 172 570
Heavy Vehicles (%) 2% 2% 1% 2% 2% 2%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 12.0 12.0 78.0 78.0 78.0
Effective Green, g (s) 12.0 12.0 78.0 78.0 78.0
Actuated g/C Ratio 0.12 0.12 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 212 190 2696 776 2760
v/s Ratio Prot c0.07 0.10 0.16
v/s Ratio Perm 0.01 c0.17
v/c Ratio 0.56 0.09 0.13 0.22 0.21
Uniform Delay, d1 41.5 39.1 2.7 2.9 2.9
Progression Factor 1.00 1.00 1.00 0.55 0.55
Incremental Delay, d2 3.1 0.2 0.1 0.6 0.2
Delay (s) 44.6 39.3 2.8 2.2 1.7
Level of Service D D A A A
Approach Delay (s) 41.8 2.8 1.8
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.27
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 40 160 10 30 20 20 140 5 130 300 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 51 203 13 38 25 25 177 6 165 380 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 987 946 180 1171 946 383 386 184
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 987 946 180 1171 946 383 386 184
tC, single (s) 7.1 6.5 6.3 7.2 6.5 6.2 4.1 4.2
tC, 2 stage (s)
tF (s) 3.5 4.0 3.4 3.6 4.0 3.3 2.2 2.3
p0 queue free % 96 77 76 86 83 96 98 88
cM capacity (veh/h) 170 223 845 92 223 658 1183 1322

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 259 76 209 551
Volume Left 6 13 25 165
Volume Right 203 25 6 6
cSH 515 219 1183 1322
Volume to Capacity 0.50 0.35 0.02 0.12
Queue Length 95th (ft) 70 37 2 11
Control Delay (s) 18.9 29.9 1.2 3.3
Lane LOS C D A A
Approach Delay (s) 18.9 29.9 1.2 3.3
Approach LOS C D

Intersection Summary
Average Delay 8.4
Intersection Capacity Utilization 54.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 0 10 10 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 0 11 11 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 22 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 11 0 5
Hadj (s) -0.10 -0.30 0.10 -0.13
Departure Headway (s) 3.9 3.7 4.1 3.9
Degree Utilization, x 0.02 0.02 0.01 0.02
Capacity (veh/h) 915 965 855 916
Control Delay (s) 7.0 6.8 7.2 6.9
Approach Delay (s) 7.0 6.8 7.2 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 0 0 170 320 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 0 215 405 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 620 405 405
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 620 405 405
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 100 100
cM capacity (veh/h) 455 650 1165

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 6 215 405
Volume Left 6 0 0
Volume Right 0 0 0
cSH 455 1165 1700
Volume to Capacity 0.01 0.00 0.24
Queue Length 95th (ft) 1 0 0
Control Delay (s) 13.0 0.0 0.0
Lane LOS B
Approach Delay (s) 13.0 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.1
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 70 60 10 60 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 76 65 11 65 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 255 71 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 255 71 76
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 92 96
cM capacity (veh/h) 706 998 1536

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 87 76 120
Volume Left 11 0 65
Volume Right 76 11 0
cSH 949 1700 1536
Volume to Capacity 0.09 0.04 0.04
Queue Length 95th (ft) 8 0 3
Control Delay (s) 9.2 0.0 4.2
Lane LOS A A
Approach Delay (s) 9.2 0.0 4.2
Approach LOS A

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 40 80 60 50 50 120 310 130 70 280 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 0.92 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1699 1770 1723 1787 3314 1787 3402
Flt Permitted 0.56 1.00 0.50 1.00 0.50 1.00 0.45 1.00
Satd. Flow (perm) 1038 1699 925 1723 950 3314 852 3402
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 45 90 67 56 56 135 348 146 79 315 56
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 135 0 67 112 0 135 494 0 79 371 0
Heavy Vehicles (%) 3% 0% 1% 2% 2% 2% 1% 5% 2% 1% 4% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 14.0 9.9 15.6 10.7 51.1 44.7 49.3 43.8
Effective Green, g (s) 14.0 9.9 15.6 10.7 51.1 44.7 49.3 43.8
Actuated g/C Ratio 0.19 0.13 0.21 0.14 0.68 0.60 0.66 0.58
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 233 224 248 246 719 1975 629 1987
v/s Ratio Prot 0.01 c0.08 c0.02 0.07 c0.02 c0.15 0.01 0.11
v/s Ratio Perm 0.03 0.04 0.11 0.07
v/c Ratio 0.19 0.60 0.27 0.46 0.19 0.25 0.13 0.19
Uniform Delay, d1 27.2 30.7 27.2 29.5 4.2 7.2 4.6 7.3
Progression Factor 1.00 1.00 1.00 1.00 0.75 0.77 1.00 1.00
Incremental Delay, d2 0.4 4.5 0.6 1.3 0.1 0.3 0.1 0.0
Delay (s) 27.7 35.3 27.8 30.8 3.2 5.8 4.7 7.3
Level of Service C D C C A A A A
Approach Delay (s) 33.4 29.7 5.2 6.9
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 12.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.30
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 0 5 5 180 330 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 7 237 434 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 684 434 434
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 684 434 434
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 415 626 1136

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 7 243 434
Volume Left 0 7 0
Volume Right 7 0 0
cSH 626 1136 1700
Volume to Capacity 0.01 0.01 0.26
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 180 330 10
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 6 234 429 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 682 435 442
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 682 435 442
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 99
cM capacity (veh/h) 416 625 1129

Direction, Lane # EB 1 NE 1 SW 1
Volume Total 13 240 442
Volume Left 6 6 0
Volume Right 6 0 13
cSH 500 1129 1700
Volume to Capacity 0.03 0.01 0.26
Queue Length 95th (ft) 2 0 0
Control Delay (s) 12.4 0.3 0.0
Lane LOS B A
Approach Delay (s) 12.4 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 28.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 50 200 0 5 210 20 5 5 5 20 5 40
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 54 217 0 5 228 22 5 5 5 22 5 43
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 250 217 622 587 217 584 576 239
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 217 622 587 217 584 576 239
tC, single (s) 4.3 4.1 7.1 6.5 6.2 7.3 6.5 6.5
tC, 2 stage (s)
tF (s) 2.4 2.2 3.5 4.0 3.3 3.7 4.0 3.6
p0 queue free % 95 100 98 99 99 94 99 94
cM capacity (veh/h) 1207 1364 360 404 827 376 410 740

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 272 255 16 71
Volume Left 54 5 5 22
Volume Right 0 22 5 43
cSH 1207 1364 464 544
Volume to Capacity 0.05 0.00 0.04 0.13
Queue Length 95th (ft) 4 0 3 11
Control Delay (s) 2.0 0.2 13.0 12.6
Lane LOS A A B B
Approach Delay (s) 2.0 0.2 13.0 12.6
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 10 220 20 10 20 220 610 20 20 480 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 1137 1762 3052 3502 1538
Flt Permitted 0.72 1.00 1.00 0.87 0.69 0.91 1.00
Satd. Flow (perm) 1370 1900 1137 1571 2134 3180 1538
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 21 11 232 22 11 22 232 642 22 22 505 21
RTOR Reduction (vph) 0 0 202 0 19 0 0 2 0 0 0 5
Lane Group Flow (vph) 21 11 30 0 36 0 0 894 0 0 527 16
Heavy Vehicles (%) 0% 0% 42% 0% 0% 0% 52% 4% 0% 0% 3% 5%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.6 9.6 9.6 9.6 55.4 55.4 55.4
Effective Green, g (s) 9.6 9.6 9.6 9.6 55.4 55.4 55.4
Actuated g/C Ratio 0.13 0.13 0.13 0.13 0.74 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 175 243 146 201 1576 2349 1136
v/s Ratio Prot 0.01
v/s Ratio Perm 0.02 c0.03 0.02 c0.42 0.17 0.01
v/c Ratio 0.12 0.05 0.20 0.18 0.57 0.22 0.01
Uniform Delay, d1 29.0 28.7 29.3 29.2 4.4 3.1 2.6
Progression Factor 1.00 1.00 1.00 1.00 0.90 1.54 2.19
Incremental Delay, d2 0.3 0.1 0.7 0.4 1.1 0.2 0.0
Delay (s) 29.3 28.8 30.0 29.6 5.1 5.0 5.7
Level of Service C C C C A A A
Approach Delay (s) 29.9 29.6 5.1 5.0
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 9.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 170 0 640 10 210 0 0 600 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1736 1346 1785 1638 1495
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1736 1346 1739 1638 1495
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 181 0 681 11 223 0 0 638 128
RTOR Reduction (vph) 0 0 0 0 0 490 0 0 0 0 0 46
Lane Group Flow (vph) 0 0 0 181 0 191 0 234 0 0 638 82
Heavy Vehicles (%) 0% 0% 0% 4% 0% 20% 10% 6% 0% 0% 16% 8%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 16.7 16.7 48.3 48.3 48.3
Effective Green, g (s) 16.7 16.7 48.3 48.3 48.3
Actuated g/C Ratio 0.22 0.22 0.64 0.64 0.64
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 387 300 1120 1055 963
v/s Ratio Prot 0.10 c0.39
v/s Ratio Perm c0.14 0.13 0.06
v/c Ratio 0.47 0.64 0.21 0.60 0.09
Uniform Delay, d1 25.3 26.4 5.5 7.8 5.0
Progression Factor 1.00 1.00 0.70 0.69 0.33
Incremental Delay, d2 0.9 4.4 0.4 2.5 0.2
Delay (s) 26.2 30.8 4.2 7.8 1.8
Level of Service C C A A A
Approach Delay (s) 0.0 29.8 4.2 6.8
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 17.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 0 20 0 0 0 0 150 50 430 340 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 0.97 1.00
Flt Protected 0.96 1.00 0.97
Satd. Flow (prot) 1595 1778 1632
Flt Permitted 0.96 1.00 0.71
Satd. Flow (perm) 1595 1778 1190
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 77 0 22 0 0 0 0 165 55 473 374 0
RTOR Reduction (vph) 0 14 0 0 0 0 0 11 0 0 0 0
Lane Group Flow (vph) 0 85 0 0 0 0 0 209 0 0 847 0
Heavy Vehicles (%) 13% 0% 5% 0% 0% 0% 0% 3% 4% 23% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 5.6 59.4 59.4
Effective Green, g (s) 5.6 59.4 59.4
Actuated g/C Ratio 0.07 0.79 0.79
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 119 1408 942
v/s Ratio Prot 0.12
v/s Ratio Perm 0.05 c0.71
v/c Ratio 0.72 0.15 0.90
Uniform Delay, d1 33.9 1.8 5.6
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 18.4 0.2 11.7
Delay (s) 52.3 2.1 17.4
Level of Service D A B
Approach Delay (s) 52.3 0.0 2.1 17.4
Approach LOS D A A B

Intersection Summary
HCM Average Control Delay 17.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 200 5 10 350
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 215 5 11 376
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 616 218 220
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 616 218 220
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 454 779 1303

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 220 387
Volume Left 0 0 11
Volume Right 5 5 0
cSH 779 1700 1303
Volume to Capacity 0.01 0.13 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 9.7 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.7 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 36.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 40 5 0 10 190 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 51 6 0 13 241 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 778 801 484 791 778 266 487 291
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 778 801 484 791 778 266 487 291
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 82 98 100 99 100
cM capacity (veh/h) 308 316 587 287 326 778 1086 1282

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 57 304 487
Volume Left 0 51 13 0
Volume Right 13 0 51 6
cSH 457 291 1086 1282
Volume to Capacity 0.04 0.20 0.01 0.00
Queue Length 95th (ft) 3 18 1 0
Control Delay (s) 13.2 20.4 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 20.4 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 20 60 360 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 256 26 77 462 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 282 885 269
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 282 885 269
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 70 93
cM capacity (veh/h) 1292 298 774

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 282 538 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1292 384
Volume to Capacity 0.17 0.06 0.37
Queue Length 95th (ft) 0 5 41
Control Delay (s) 0.0 1.7 19.7
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.7
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 50.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 40 50 5 10 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 12 48 60 6 12 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 65 134 62
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 65 134 62
tC, single (s) 4.4 6.6 6.4
tC, 2 stage (s)
tF (s) 2.5 3.7 3.5
p0 queue free % 99 99 99
cM capacity (veh/h) 1376 812 954

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 60 65 24
Volume Left 12 0 12
Volume Right 0 6 12
cSH 1376 1700 877
Volume to Capacity 0.01 0.04 0.03
Queue Length 95th (ft) 1 0 2
Control Delay (s) 1.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 40 60 10 100 10 60 200 50
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 45 67 11 112 11 67 225 56

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 124 135 348
Volume Left (vph) 22 11 11 67
Volume Right (vph) 22 67 11 56
Hadj (s) -0.08 -0.23 0.02 -0.02
Departure Headway (s) 5.2 4.9 4.8 4.5
Degree Utilization, x 0.10 0.17 0.18 0.44
Capacity (veh/h) 622 660 699 759
Control Delay (s) 8.7 8.9 8.9 11.1
Approach Delay (s) 8.7 8.9 8.9 11.1
Approach LOS A A A B

Intersection Summary
Delay 10.0
HCM Level of Service B
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 70 0 350 10 20 0 0 150 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 80 0 402 11 23 0 0 172 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 638 236 190 236 253 23 207 23
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 638 236 190 236 253 23 207 23
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.3 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.4 2.2
p0 queue free % 100 100 100 89 100 62 99 100
cM capacity (veh/h) 241 662 857 714 648 1057 1264 1605

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 483 34 207
Volume Left 80 11 0
Volume Right 402 0 34
cSH 978 1264 1700
Volume to Capacity 0.49 0.01 0.12
Queue Length 95th (ft) 70 1 0
Control Delay (s) 12.2 2.7 0.0
Lane LOS B A
Approach Delay (s) 12.2 2.7 0.0
Approach LOS B

Intersection Summary
Average Delay 8.3
Intersection Capacity Utilization 42.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 0 5 0 0 0 0 10 20 140 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 0 6 0 0 0 0 11 23 161 92 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 437 448 92 443 437 23 92 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 437 448 92 443 437 23 92 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 95 100 99 100 100 100 100 90
cM capacity (veh/h) 491 456 971 484 463 1060 1515 1564

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 29 34 253
Volume Left 23 0 161
Volume Right 6 23 0
cSH 545 1700 1564
Volume to Capacity 0.05 0.02 0.10
Queue Length 95th (ft) 4 0 9
Control Delay (s) 12.0 0.0 5.1
Lane LOS B A
Approach Delay (s) 12.0 0.0 5.1
Approach LOS B

Intersection Summary
Average Delay 5.2
Intersection Capacity Utilization 28.6% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 540 1200 0 670 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 607 1348 0 753 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1955 983 303
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1955 983 303
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 303 249 699

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 303 303 1348 376 376
Volume Left 0 0 0 0 0
Volume Right 0 0 1348 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.18 0.18 0.79 0.22 0.22
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 140 20 40 270 10 20 10 10 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 152 22 43 293 11 22 11 11 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 304 174 571 565 163 576 571 299
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 304 174 571 565 163 576 571 299
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 97 95 97 99 95 97 99
cM capacity (veh/h) 1268 1397 412 421 887 397 418 745

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 179 348 43 38
Volume Left 5 43 22 22
Volume Right 22 11 11 5
cSH 1268 1397 479 432
Volume to Capacity 0.00 0.03 0.09 0.09
Queue Length 95th (ft) 0 2 7 7
Control Delay (s) 0.3 1.2 13.3 14.1
Lane LOS A A B B
Approach Delay (s) 0.3 1.2 13.3 14.1
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 39.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 50 5 5 10 100 170 5 5 180 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 63 6 6 13 127 215 6 6 228 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 731 718 231 778 718 218 234 222
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 731 718 231 778 718 218 234 222
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 100 92 98 98 98 91 100
cM capacity (veh/h) 305 322 801 269 322 826 1339 1359

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 70 25 348 241
Volume Left 6 6 127 6
Volume Right 63 13 6 6
cSH 698 433 1339 1359
Volume to Capacity 0.10 0.06 0.09 0.00
Queue Length 95th (ft) 8 5 8 0
Control Delay (s) 10.7 13.8 3.4 0.2
Lane LOS B B A A
Approach Delay (s) 10.7 13.8 3.4 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 40 70 40 20 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 54 95 54 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 149 203 122
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 149 203 122
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 99 96 99
cM capacity (veh/h) 1445 767 935

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 68 149 41
Volume Left 14 0 27
Volume Right 0 54 14
cSH 1445 1700 816
Volume to Capacity 0.01 0.09 0.05
Queue Length 95th (ft) 1 0 4
Control Delay (s) 1.6 0.0 9.6
Lane LOS A A
Approach Delay (s) 1.6 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 10 10 60 5 5 5 30 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 15 15 91 8 8 8 45 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 121 23 68
Volume Left (vph) 8 15 8 45
Volume Right (vph) 0 91 8 15
Hadj (s) 0.07 -0.06 0.01 0.12
Departure Headway (s) 4.3 4.1 4.3 4.4
Degree Utilization, x 0.03 0.14 0.03 0.08
Capacity (veh/h) 811 863 799 798
Control Delay (s) 7.4 7.7 7.4 7.7
Approach Delay (s) 7.4 7.7 7.4 7.7
Approach LOS A A A A

Intersection Summary
Delay 7.7
HCM Level of Service A
Intersection Capacity Utilization 16.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 5 10 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 10 20 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 65 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 65 25
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1596 940 1057

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 30 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1596 995
Volume to Capacity 0.02 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 2.5 8.7
Lane LOS A A
Approach Delay (s) 0.0 2.5 8.7
Approach LOS A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
42: US 56 & 175th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
51: 175th Street & PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 0 0 0 0 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 0 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1623 1023 1085

Direction, Lane # EB 1 EB 2 WB 1 NB 1
Volume Total 0 0 0 0
Volume Left 0 0 0 0
Volume Right 0 0 0 0
cSH 1700 1700 1700 1700
Volume to Capacity 0.00 0.00 0.00 0.00
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 0.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
55: US 56 & PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 0 0 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 1622 1023 1084

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 0 0 0 0 0
Volume Left 0 0 0 0 0
Volume Right 0 0 0 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.00 0.00 0.00 0.00 0.00
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS A
Approach Delay (s) 0.0 0.0 0.0
Approach LOS A

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 10 110 90 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 11 120 98 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 87 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 87 71
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1021 717 775

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 130 98 5
Volume Left 5 0 98 0
Volume Right 0 120 0 5
cSH 1021 1700 717 775
Volume to Capacity 0.01 0.08 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 4.3 0.0 10.8 9.7
Lane LOS A B A
Approach Delay (s) 4.3 0.0 10.7
Approach LOS B

Intersection Summary
Average Delay 4.7
Intersection Capacity Utilization 19.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 90 110 130 150 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 98 120 141 163 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 261 310 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 261 310 190
tC, single (s) 4.6 6.5 6.6
tC, 2 stage (s)
tF (s) 2.7 3.6 3.7
p0 queue free % 99 75 99
cM capacity (veh/h) 1070 665 763

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 109 261 163 11
Volume Left 11 0 163 0
Volume Right 0 141 0 11
cSH 1070 1700 665 763
Volume to Capacity 0.01 0.15 0.25 0.01
Queue Length 95th (ft) 1 0 24 1
Control Delay (s) 0.9 0.0 12.2 9.8
Lane LOS A B A
Approach Delay (s) 0.9 0.0 12.0
Approach LOS B

Intersection Summary
Average Delay 4.0
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 60 60 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 65 65 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 144 68 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 144 68 71
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 850 1001 1543

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 5 5 71 71
Volume Left 5 0 5 0
Volume Right 0 5 0 5
cSH 850 1001 1543 1700
Volume to Capacity 0.01 0.01 0.00 0.04
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 9.3 8.6 0.6 0.0
Lane LOS A A A
Approach Delay (s) 8.9 0.6 0.0
Approach LOS A

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
83: Driveway D & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 150 80 70 50 40 120
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 163 87 76 54 43 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 315 109 174
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 315 109 174
tC, single (s) 6.5 6.3 4.3
tC, 2 stage (s)
tF (s) 3.6 3.4 2.3
p0 queue free % 74 91 94
cM capacity (veh/h) 629 921 1322

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 163 87 130 174
Volume Left 163 0 76 0
Volume Right 0 87 0 130
cSH 629 921 1322 1700
Volume to Capacity 0.26 0.09 0.06 0.10
Queue Length 95th (ft) 26 8 5 0
Control Delay (s) 12.7 9.3 4.8 0.0
Lane LOS B A A
Approach Delay (s) 11.5 4.8 0.0
Approach LOS B

Intersection Summary
Average Delay 6.3
Intersection Capacity Utilization 34.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 95 115 5 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 103 125 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 242 128
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 242 128
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1467 748 928

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 109 130 11
Volume Left 5 0 5
Volume Right 0 5 5
cSH 1467 1700 828
Volume to Capacity 0.00 0.08 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.4 0.0 9.4
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 19.1% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 20 0 60 60 10 100 5 100 50 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 24 0 72 72 12 120 6 120 60 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 506 145 139 205
Volume Left (vph) 84 0 12 120
Volume Right (vph) 24 72 6 24
Hadj (s) 0.07 -0.23 0.04 0.12
Departure Headway (s) 5.3 5.6 6.2 6.1
Degree Utilization, x 0.75 0.22 0.24 0.35
Capacity (veh/h) 658 574 507 530
Control Delay (s) 22.1 10.2 11.1 12.3
Approach Delay (s) 22.1 10.2 11.1 12.3
Approach LOS C B B B

Intersection Summary
Delay 16.8
HCM Level of Service C
Intersection Capacity Utilization 51.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 670 70 110 390 120 80 370 220 160 240 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.97 1.00 0.94 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3341 3234 1805 1725 1736 1779
Flt Permitted 0.82 0.56 0.50 1.00 0.20 1.00
Satd. Flow (perm) 2760 1829 943 1725 358 1779
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 770 80 126 448 138 92 425 253 184 276 69
RTOR Reduction (vph) 0 9 0 0 28 0 0 29 0 0 12 0
Lane Group Flow (vph) 0 898 0 0 684 0 92 649 0 184 333 0
Heavy Vehicles (%) 4% 7% 1% 7% 8% 6% 0% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 28.1 28.1 35.2 35.2 35.2 35.2
Effective Green, g (s) 28.1 28.1 35.2 35.2 35.2 35.2
Actuated g/C Ratio 0.37 0.37 0.47 0.47 0.47 0.47
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1034 685 443 810 168 835
v/s Ratio Prot 0.38 0.19
v/s Ratio Perm 0.33 c0.37 0.10 c0.51
v/c Ratio 0.87 1.00 0.21 0.80 1.10 0.40
Uniform Delay, d1 21.7 23.4 11.7 16.9 19.9 13.0
Progression Factor 1.00 0.40 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.8 33.7 0.2 5.7 97.2 0.3
Delay (s) 31.6 43.1 11.9 22.7 117.1 13.3
Level of Service C D B C F B
Approach Delay (s) 31.6 43.1 21.4 49.4
Approach LOS C D C D

Intersection Summary
HCM Average Control Delay 34.9 HCM Level of Service C
HCM Volume to Capacity ratio 1.05
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 101.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1030 10 10 580 50 10 5 30 80 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3582 3499 1799 1857
Flt Permitted 0.94 0.94 0.94 0.81
Satd. Flow (perm) 3357 3275 1714 1559
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 22 1108 11 11 624 54 11 5 32 86 11 32
RTOR Reduction (vph) 0 0 0 0 5 0 0 28 0 0 21 0
Lane Group Flow (vph) 0 1141 0 0 684 0 0 20 0 0 108 0
Heavy Vehicles (%) 0% 6% 0% 0% 8% 0% 0% 0% 0% 0% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 56.3 56.3 9.7 9.7
Effective Green, g (s) 56.3 56.3 9.7 9.7
Actuated g/C Ratio 0.75 0.75 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2520 2458 222 202
v/s Ratio Prot
v/s Ratio Perm c0.34 0.21 0.01 c0.07
v/c Ratio 0.45 0.28 0.09 0.54
Uniform Delay, d1 3.5 2.9 28.8 30.5
Progression Factor 0.45 0.81 1.00 1.00
Incremental Delay, d2 0.3 0.1 0.2 2.7
Delay (s) 1.9 2.5 28.9 33.3
Level of Service A A C C
Approach Delay (s) 1.9 2.5 28.9 33.3
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 4.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 61.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1120 10 10 580 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 0.99 0.91 0.97
Flt Protected 1.00 1.00 0.99 0.96
Satd. Flow (prot) 3429 3297 1605 1740
Flt Permitted 0.91 0.93 0.95 0.76
Satd. Flow (perm) 3123 3077 1545 1372
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 43 1204 11 11 624 65 5 5 22 108 5 32
RTOR Reduction (vph) 0 1 0 0 9 0 0 19 0 0 14 0
Lane Group Flow (vph) 0 1257 0 0 691 0 0 13 0 0 131 0
Heavy Vehicles (%) 5% 5% 0% 0% 8% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 54.1 54.1 11.9 11.9
Effective Green, g (s) 54.1 54.1 11.9 11.9
Actuated g/C Ratio 0.72 0.72 0.16 0.16
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2253 2220 245 218
v/s Ratio Prot
v/s Ratio Perm c0.40 0.22 0.01 c0.10
v/c Ratio 0.56 0.31 0.06 0.60
Uniform Delay, d1 4.9 3.8 26.8 29.3
Progression Factor 0.79 0.66 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 4.4
Delay (s) 4.8 2.6 26.9 33.7
Level of Service A A C C
Approach Delay (s) 4.8 2.6 26.9 33.7
Approach LOS A A C C

Intersection Summary
HCM Average Control Delay 6.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 82.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 1070 150 40 460 180 150 130 130 490 170 60
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3585 1568 1752 3312 1583 1770 3539 1538 3433 3505 1538
Flt Permitted 0.42 1.00 1.00 0.15 1.00 1.00 0.63 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 751 3585 1568 276 3312 1583 1181 3539 1538 3433 3505 1538
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 88 1176 165 44 505 198 165 143 143 538 187 66
RTOR Reduction (vph) 0 0 104 0 0 128 0 0 128 0 0 56
Lane Group Flow (vph) 88 1176 61 44 505 70 165 143 15 538 187 10
Heavy Vehicles (%) 5% 6% 3% 3% 9% 2% 2% 2% 5% 2% 3% 5%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 32.7 27.9 27.9 30.3 26.7 26.7 16.7 8.0 8.0 12.5 11.8 11.8
Effective Green, g (s) 32.7 27.9 27.9 30.3 26.7 26.7 16.7 8.0 8.0 12.5 11.8 11.8
Actuated g/C Ratio 0.44 0.37 0.37 0.40 0.36 0.36 0.22 0.11 0.11 0.17 0.16 0.16
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 389 1334 583 182 1179 564 331 377 164 572 551 242
v/s Ratio Prot c0.01 c0.33 0.01 0.15 0.06 0.04 c0.16 c0.05
v/s Ratio Perm 0.08 0.04 0.09 0.04 c0.05 0.01 0.01
v/c Ratio 0.23 0.88 0.11 0.24 0.43 0.12 0.50 0.38 0.09 0.94 0.34 0.04
Uniform Delay, d1 12.6 22.0 15.4 15.7 18.4 16.3 25.0 31.2 30.2 30.9 28.1 26.8
Progression Factor 0.51 0.63 0.44 0.71 0.96 1.66 0.95 0.92 0.75 1.00 1.00 1.00
Incremental Delay, d2 0.1 7.7 0.3 0.2 1.1 0.4 0.4 0.2 0.1 23.6 0.1 0.0
Delay (s) 6.6 21.5 7.0 11.4 18.7 27.4 24.1 29.1 22.9 54.5 28.3 26.8
Level of Service A C A B B C C C C D C C
Approach Delay (s) 18.9 20.6 25.3 46.0
Approach LOS B C C D

Intersection Summary
HCM Average Control Delay 26.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 22.0
Intersection Capacity Utilization 72.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 60 10 1450 240 10 650
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1615 3619 1568 1805 3551
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1770 1615 3619 1568 1805 3551
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 62 10 1495 247 10 670
RTOR Reduction (vph) 0 8 0 94 0 0
Lane Group Flow (vph) 62 2 1495 153 10 670
Heavy Vehicles (%) 2% 0% 5% 3% 0% 7%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 11.3 11.3 48.3 11.3 1.4 53.7
Effective Green, g (s) 11.3 11.3 48.3 11.3 1.4 53.7
Actuated g/C Ratio 0.15 0.15 0.64 0.15 0.02 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 267 243 2331 236 34 2543
v/s Ratio Prot 0.04 c0.41 c0.10 0.01 c0.19
v/s Ratio Perm 0.00
v/c Ratio 0.23 0.01 0.64 0.65 0.29 0.26
Uniform Delay, d1 28.0 27.1 8.1 30.0 36.3 3.7
Progression Factor 1.00 1.00 0.51 1.72 1.00 1.00
Incremental Delay, d2 0.4 0.0 0.7 3.2 4.8 0.3
Delay (s) 28.5 27.1 4.9 54.8 41.1 4.0
Level of Service C C A D D A
Approach Delay (s) 28.3 12.0 4.5
Approach LOS C B A

Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 52.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 1490 110 270 1380 70 90 20 510 40 10 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.88
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1615 3433 3654 1615 1825 2842 1752 1606
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.73 1.00 0.64 1.00
Satd. Flow (perm) 1805 3689 1615 3433 3654 1615 1379 2842 1189 1606
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 1674 124 303 1551 79 101 22 573 45 11 45
RTOR Reduction (vph) 0 0 53 0 0 29 0 0 0 0 39 0
Lane Group Flow (vph) 56 1674 71 303 1551 50 0 123 573 45 17 0
Heavy Vehicles (%) 0% 3% 0% 2% 4% 0% 0% 0% 0% 3% 0% 5%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.4 51.2 51.2 11.8 56.6 56.6 11.4 27.2 11.4 11.4
Effective Green, g (s) 6.4 51.2 51.2 11.8 56.6 56.6 11.4 23.2 11.4 11.4
Actuated g/C Ratio 0.07 0.57 0.57 0.13 0.63 0.63 0.13 0.26 0.13 0.13
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 128 2099 919 450 2298 1016 175 733 151 203
v/s Ratio Prot 0.03 c0.45 0.09 0.42 c0.20 0.01
v/s Ratio Perm 0.04 0.03 0.09 0.04
v/c Ratio 0.44 0.80 0.08 0.67 0.67 0.05 0.70 0.78 0.30 0.08
Uniform Delay, d1 40.1 15.3 8.7 37.3 10.8 6.4 37.7 31.0 35.7 34.7
Progression Factor 1.00 1.00 1.00 0.83 0.64 0.94 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.9 3.3 0.2 1.9 1.0 0.1 10.0 5.0 0.4 0.1
Delay (s) 40.9 18.6 8.9 32.7 7.8 6.1 47.6 36.1 36.1 34.7
Level of Service D B A C A A D D D C
Approach Delay (s) 18.6 11.7 38.1 35.3
Approach LOS B B D D

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.8
Intersection Capacity Utilization 79.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1990 50 50 550 0 0 0 0 60 0 1160
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1671 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1671 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2095 53 53 579 0 0 0 0 63 0 1221
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2146 0 53 579 0 0 0 0 63 0 1221
Heavy Vehicles (%) 0% 2% 18% 8% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 65.2 4.2 28.4 5.6 41.0
Effective Green, g (s) 65.2 4.2 28.4 5.6 41.0
Actuated g/C Ratio 0.72 0.05 0.32 0.06 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2545 78 1164 102 1257
v/s Ratio Prot c0.61 0.03 c0.16 c0.04 c0.44
v/s Ratio Perm
v/c Ratio 0.84 0.68 0.50 0.62 0.97
Uniform Delay, d1 8.8 42.2 25.0 41.2 23.9
Progression Factor 0.64 0.97 0.84 1.00 1.00
Incremental Delay, d2 2.4 18.0 1.3 10.6 18.8
Delay (s) 8.0 59.0 22.4 51.8 42.7
Level of Service A E C D D
Approach Delay (s) 8.0 25.4 0.0 43.2
Approach LOS A C A D

Intersection Summary
HCM Average Control Delay 21.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 67.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 430 140 170 0 110 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3689 1801 1629
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3689 1801 1629
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 489 159 193 0 125 0 0 0
RTOR Reduction (vph) 0 0 0 0 10 0 0 29 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 638 0 0 289 0 0 0 0
Heavy Vehicles (%) 0% 3% 0% 0% 2% 2% 8% 0% 6% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 59.0 59.0 21.0
Effective Green, g (s) 59.0 59.0 21.0
Actuated g/C Ratio 0.66 0.66 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2418 1181 380
v/s Ratio Prot 0.12 c0.35
v/s Ratio Perm 0.18
v/c Ratio 0.19 0.54 0.76
Uniform Delay, d1 6.1 8.3 32.2
Progression Factor 0.31 1.00 1.00
Incremental Delay, d2 0.1 1.8 8.7
Delay (s) 2.0 10.0 40.8
Level of Service A B D
Approach Delay (s) 2.0 10.0 40.8 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 14.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 105.5% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
10: Sante Fe & Moonlight AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 50 110 300 80 140 220
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3408 1787 3471
Flt Permitted 0.95 1.00 1.00 0.51 1.00
Satd. Flow (perm) 1770 1583 3408 963 3471
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 54 118 323 86 151 237
RTOR Reduction (vph) 0 107 18 0 0 0
Lane Group Flow (vph) 54 11 391 0 151 237
Heavy Vehicles (%) 2% 2% 3% 1% 1% 4%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 6.8 6.8 58.2 58.2 58.2
Effective Green, g (s) 6.8 6.8 58.2 58.2 58.2
Actuated g/C Ratio 0.09 0.09 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 160 144 2645 747 2693
v/s Ratio Prot c0.03 0.11 0.07
v/s Ratio Perm 0.01 c0.16
v/c Ratio 0.34 0.07 0.15 0.20 0.09
Uniform Delay, d1 32.0 31.2 2.1 2.2 2.0
Progression Factor 1.00 1.00 1.00 0.98 0.85
Incremental Delay, d2 1.3 0.2 0.1 0.6 0.1
Delay (s) 33.2 31.4 2.2 2.8 1.8
Level of Service C C A A A
Approach Delay (s) 32.0 2.2 2.2
Approach LOS C A A

Intersection Summary
HCM Average Control Delay 7.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.22
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 30 50 10 50 10 70 290 10 190 90 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.92 0.98 1.00 1.00
Flt Protected 1.00 0.99 0.99 0.97
Satd. Flow (prot) 1455 1797 1781 1667
Flt Permitted 0.97 0.93 0.88 0.59
Satd. Flow (perm) 1418 1679 1574 1014
Peak-hour factor, PHF 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Adj. Flow (vph) 6 38 63 13 63 13 89 367 13 241 114 13
RTOR Reduction (vph) 0 56 0 0 10 0 0 1 0 0 2 0
Lane Group Flow (vph) 0 51 0 0 79 0 0 468 0 0 366 0
Heavy Vehicles (%) 0% 3% 32% 0% 2% 10% 3% 6% 0% 7% 17% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 4.7 4.7 26.0 26.0
Effective Green, g (s) 4.7 4.7 26.0 26.0
Actuated g/C Ratio 0.12 0.12 0.64 0.64
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 164 194 1006 648
v/s Ratio Prot
v/s Ratio Perm 0.04 c0.05 0.30 c0.36
v/c Ratio 0.31 0.41 0.46 0.57
Uniform Delay, d1 16.5 16.7 3.8 4.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.1 1.4 0.3 1.1
Delay (s) 17.6 18.1 4.1 5.3
Level of Service B B A A
Approach Delay (s) 17.6 18.1 4.1 5.3
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 7.1 HCM Level of Service A
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 40.7 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 5 10 10 10 10 5 5 10 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 5 11 11 11 11 5 5 11 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 27 27 22
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 11 5 5
Hadj (s) -0.10 -0.20 -0.04 -0.10
Departure Headway (s) 3.9 3.8 4.0 3.9
Degree Utilization, x 0.02 0.03 0.03 0.02
Capacity (veh/h) 898 924 880 900
Control Delay (s) 7.0 6.9 7.1 7.0
Approach Delay (s) 7.0 6.9 7.1 7.0
Approach LOS A A A A

Intersection Summary
Delay 7.0
HCM Level of Service A
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 90 50 20 10 80
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 98 54 22 11 87
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 174 65 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 174 65 76
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 90 99
cM capacity (veh/h) 815 1004 1536

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 120 76 98
Volume Left 22 0 11
Volume Right 98 22 0
cSH 964 1700 1536
Volume to Capacity 0.12 0.04 0.01
Queue Length 95th (ft) 11 0 1
Control Delay (s) 9.3 0.0 0.9
Lane LOS A A
Approach Delay (s) 9.3 0.0 0.9
Approach LOS A

Intersection Summary
Average Delay 4.1
Intersection Capacity Utilization 24.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 20 110 130 30 110 90 480 50 40 400 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.87 1.00 0.88 1.00 0.99 1.00 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1805 1658 1805 1676 1805 3435 1805 3485
Flt Permitted 0.63 1.00 0.35 1.00 0.45 1.00 0.39 1.00
Satd. Flow (perm) 1203 1658 662 1676 853 3435 734 3485
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 56 22 124 146 34 124 101 539 56 45 449 22
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 56 146 0 146 158 0 101 595 0 45 471 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0% 0% 4% 0% 0% 3% 0%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 22.8 15.9 31.2 21.8 78.8 71.9 73.2 68.8
Effective Green, g (s) 22.8 15.9 31.2 21.8 78.8 71.9 73.2 68.8
Actuated g/C Ratio 0.20 0.14 0.27 0.19 0.69 0.63 0.64 0.60
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 275 229 307 318 647 2148 508 2085
v/s Ratio Prot 0.01 c0.09 c0.05 0.09 c0.01 c0.17 0.00 0.14
v/s Ratio Perm 0.03 0.08 0.10 0.05
v/c Ratio 0.20 0.64 0.48 0.50 0.16 0.28 0.09 0.23
Uniform Delay, d1 38.1 46.8 33.6 41.7 8.2 9.8 10.8 10.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 5.7 1.2 1.2 0.1 0.3 0.1 0.1
Delay (s) 38.5 52.5 34.8 42.9 8.4 10.1 10.8 10.8
Level of Service D D C D A B B B
Approach Delay (s) 48.7 39.0 9.8 10.8
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 19.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.35
Actuated Cycle Length (s) 115.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 46.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 10 10 370 110 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 13 13 487 145 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 658 145 145
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 658 145 145
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 428 908 1450

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 13 500 145
Volume Left 0 13 0
Volume Right 13 0 0
cSH 908 1450 1700
Volume to Capacity 0.01 0.01 0.09
Queue Length 95th (ft) 1 1 0
Control Delay (s) 9.0 0.3 0.0
Lane LOS A A
Approach Delay (s) 9.0 0.3 0.0
Approach LOS A

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 36.7% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 140 5 5 220 50 5 5 5 40 5 60
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 152 5 5 239 54 5 5 5 43 5 65
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 158 543 503 155 484 478 266
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 158 543 503 155 484 478 266
tC, single (s) 4.6 4.1 7.1 6.5 6.2 7.2 6.5 6.4
tC, 2 stage (s)
tF (s) 2.7 2.2 3.5 4.0 3.3 3.6 4.0 3.4
p0 queue free % 98 100 99 99 99 91 99 91
cM capacity (veh/h) 1038 1434 402 462 896 460 477 742

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 179 299 16 114
Volume Left 22 5 5 43
Volume Right 5 54 5 65
cSH 1038 1434 520 589
Volume to Capacity 0.02 0.00 0.03 0.19
Queue Length 95th (ft) 2 0 2 18
Control Delay (s) 1.2 0.2 12.1 12.6
Lane LOS A A B B
Approach Delay (s) 1.2 0.2 12.1 12.6
Approach LOS B B

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 34.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 5 180 10 5 10 240 330 5 5 570 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.94 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.98 1.00 1.00
Satd. Flow (prot) 1805 1900 1049 1760 3071 3538 1538
Flt Permitted 0.74 1.00 1.00 0.89 0.61 0.95 1.00
Satd. Flow (perm) 1405 1900 1049 1593 1912 3368 1538
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 5 189 11 5 11 253 347 5 5 600 21
RTOR Reduction (vph) 0 0 169 0 10 0 0 0 0 0 0 5
Lane Group Flow (vph) 11 5 20 0 17 0 0 605 0 0 605 16
Heavy Vehicles (%) 0% 0% 54% 0% 0% 0% 29% 5% 0% 0% 2% 5%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.6 9.6 9.6 9.6 70.4 70.4 70.4
Effective Green, g (s) 9.6 9.6 9.6 9.6 70.4 70.4 70.4
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 150 203 112 170 1496 2635 1203
v/s Ratio Prot 0.00
v/s Ratio Perm 0.01 c0.02 0.01 c0.32 0.18 0.01
v/c Ratio 0.07 0.02 0.18 0.10 0.40 0.23 0.01
Uniform Delay, d1 36.2 36.0 36.6 36.3 3.1 2.6 2.2
Progression Factor 1.00 1.00 1.00 1.00 0.99 1.00 1.00
Incremental Delay, d2 0.2 0.0 0.8 0.3 0.8 0.2 0.0
Delay (s) 36.4 36.1 37.4 36.6 3.9 2.8 2.2
Level of Service D D D D A A A
Approach Delay (s) 37.3 36.6 3.9 2.8
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 8.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 40 0 290 10 290 0 0 700 60
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1671 1282 1826 1667 1442
Flt Permitted 0.95 1.00 0.98 1.00 1.00
Satd. Flow (perm) 1671 1282 1785 1667 1442
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 43 0 309 11 309 0 0 745 64
RTOR Reduction (vph) 0 0 0 0 0 274 0 0 0 0 0 14
Lane Group Flow (vph) 0 0 0 43 0 35 0 320 0 0 745 50
Heavy Vehicles (%) 0% 0% 0% 8% 0% 26% 0% 4% 0% 0% 14% 12%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 10.1 10.1 69.9 69.9 69.9
Effective Green, g (s) 10.1 10.1 69.9 69.9 69.9
Actuated g/C Ratio 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 188 144 1386 1295 1120
v/s Ratio Prot 0.03 c0.45
v/s Ratio Perm c0.03 0.18 0.03
v/c Ratio 0.23 0.24 0.23 0.58 0.04
Uniform Delay, d1 36.4 36.5 2.7 4.1 2.3
Progression Factor 1.00 1.00 0.60 1.19 0.80
Incremental Delay, d2 0.6 0.9 0.3 1.8 0.1
Delay (s) 37.0 37.3 2.0 6.6 1.9
Level of Service D D A A A
Approach Delay (s) 0.0 37.3 2.0 6.3
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 12.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 0 20 0 0 0 0 180 210 610 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.85 1.00
Flt Protected 0.96 1.00 1.00 0.96
Satd. Flow (prot) 1716 1827 1599 1599
Flt Permitted 0.96 1.00 1.00 0.64
Satd. Flow (perm) 1716 1827 1599 1063
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 132 0 22 0 0 0 0 198 231 670 154 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 0 44 0 0 0
Lane Group Flow (vph) 0 148 0 0 0 0 0 198 187 0 824 0
Heavy Vehicles (%) 4% 0% 5% 0% 0% 0% 0% 4% 1% 17% 2% 0%
Turn Type Perm Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 2 6
Actuated Green, G (s) 7.0 73.0 73.0 73.0
Effective Green, g (s) 7.0 73.0 73.0 73.0
Actuated g/C Ratio 0.08 0.81 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 133 1482 1297 862
v/s Ratio Prot 0.11
v/s Ratio Perm 0.09 0.12 c0.78
v/c Ratio 1.11 0.13 0.14 0.96
Uniform Delay, d1 41.5 1.8 1.8 7.1
Progression Factor 1.00 1.00 1.00 1.67
Incremental Delay, d2 110.4 0.2 0.2 19.6
Delay (s) 151.9 2.0 2.1 31.5
Level of Service F A A C
Approach Delay (s) 151.9 0.0 2.0 31.5
Approach LOS F A A C

Intersection Summary
HCM Average Control Delay 35.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.97
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 10 380 0 5 150
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 11 409 0 5 161
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 581 409 409
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 581 409 409
tC, single (s) 6.4 6.2 4.3
tC, 2 stage (s)
tF (s) 3.5 3.3 2.4
p0 queue free % 100 98 99
cM capacity (veh/h) 477 647 1060

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 11 409 167
Volume Left 0 0 5
Volume Right 11 0 0
cSH 647 1700 1060
Volume to Capacity 0.02 0.24 0.01
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.7 0.0 0.3
Lane LOS B A
Approach Delay (s) 10.7 0.0 0.3
Approach LOS B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 30.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 40 0 0 10 390 70 5 110 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 51 0 0 13 494 89 6 139 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 715 759 139 731 715 538 139 582
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 715 759 139 731 715 538 139 582
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 84 100 100 99 99
cM capacity (veh/h) 344 333 914 317 353 547 1457 1002

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 51 595 146
Volume Left 6 51 13 6
Volume Right 13 0 89 0
cSH 494 317 1457 1002
Volume to Capacity 0.05 0.16 0.01 0.01
Queue Length 95th (ft) 4 14 1 0
Control Delay (s) 12.7 18.5 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 12.7 18.5 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 42.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 410 60 20 130 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 526 77 26 167 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 603 782 564
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 603 782 564
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 93 88
cM capacity (veh/h) 960 349 525

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 603 192 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 960 459
Volume to Capacity 0.35 0.03 0.20
Queue Length 95th (ft) 0 2 18
Control Delay (s) 0.0 1.4 14.7
Lane LOS A B
Approach Delay (s) 0.0 1.4 14.7
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.1% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 30 20 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 12 83 36 24 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 60 155 48
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 60 155 48
tC, single (s) 4.3 6.6 6.6
tC, 2 stage (s)
tF (s) 2.4 3.7 3.7
p0 queue free % 99 98 99
cM capacity (veh/h) 1437 790 923

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 95 60 18
Volume Left 12 0 12
Volume Right 0 24 6
cSH 1437 1700 830
Volume to Capacity 0.01 0.04 0.02
Queue Length 95th (ft) 1 0 2
Control Delay (s) 1.0 0.0 9.4
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 30 10 5 30 70 10 270 10 40 70 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 79 34 11 6 34 79 11 303 11 45 79 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 124 118 326 169
Volume Left (vph) 79 6 11 45
Volume Right (vph) 11 79 11 45
Hadj (s) 0.13 -0.34 0.03 -0.07
Departure Headway (s) 5.4 5.0 4.8 4.9
Degree Utilization, x 0.19 0.16 0.44 0.23
Capacity (veh/h) 597 643 716 680
Control Delay (s) 9.7 9.0 11.5 9.4
Approach Delay (s) 9.7 9.0 11.5 9.4
Approach LOS A A B A

Intersection Summary
Delay 10.3
HCM Level of Service B
Intersection Capacity Utilization 45.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 410 1650 0 600 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 461 1854 0 674 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 2315 798 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 2315 798 230
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 219 328 778

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 230 230 1854 337 337
Volume Left 0 0 0 0 0
Volume Right 0 0 1854 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.14 0.14 1.09 0.20 0.20
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 105.5% ICU Level of Service G
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 10 5 70 95 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 76 103 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 65 43
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 65 43
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1071 741 806

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 16 82 103 5
Volume Left 5 0 103 0
Volume Right 0 76 0 5
cSH 1071 1700 741 806
Volume to Capacity 0.01 0.05 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 2.8 0.0 10.6 9.5
Lane LOS A B A
Approach Delay (s) 2.8 0.0 10.6
Approach LOS B

Intersection Summary
Average Delay 5.8
Intersection Capacity Utilization 16.9% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 120 90 180 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 130 98 196 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 348 196
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 348 196
tC, single (s) 4.5 6.8 7.0
tC, 2 stage (s)
tF (s) 2.6 3.8 4.0
p0 queue free % 99 94 99
cM capacity (veh/h) 1080 578 681

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 141 293 33 5
Volume Left 11 0 33 0
Volume Right 0 196 0 5
cSH 1080 1700 578 681
Volume to Capacity 0.01 0.17 0.06 0.01
Queue Length 95th (ft) 1 0 4 1
Control Delay (s) 0.7 0.0 11.6 10.3
Lane LOS A B B
Approach Delay (s) 0.7 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 25.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 30 30 30 70 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 33 33 33 76 33
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 190 92 109
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 190 92 109
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 97 98
cM capacity (veh/h) 786 970 1494

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 33 33 65 109
Volume Left 33 0 33 0
Volume Right 0 33 0 33
cSH 786 970 1494 1700
Volume to Capacity 0.04 0.03 0.02 0.06
Queue Length 95th (ft) 3 3 2 0
Control Delay (s) 9.8 8.8 3.8 0.0
Lane LOS A A A
Approach Delay (s) 9.3 3.8 0.0
Approach LOS A

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 19.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
83: Driveway D & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 20 90 40 70 170
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 33 22 98 43 76 185
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 408 168 261
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 408 168 261
tC, single (s) 6.8 6.7 4.2
tC, 2 stage (s)
tF (s) 3.9 3.8 2.3
p0 queue free % 93 97 92
cM capacity (veh/h) 492 765 1258

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 33 22 141 261
Volume Left 33 0 98 0
Volume Right 0 22 0 185
cSH 492 765 1258 1700
Volume to Capacity 0.07 0.03 0.08 0.15
Queue Length 95th (ft) 5 2 6 0
Control Delay (s) 12.8 9.8 5.8 0.0
Lane LOS B A A
Approach Delay (s) 11.6 5.8 0.0
Approach LOS B

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 105 70 20 20 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 114 76 22 22 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 212 87
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 212 87
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 97 99
cM capacity (veh/h) 1508 778 977

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 120 98 27
Volume Left 5 0 22
Volume Right 0 22 5
cSH 1508 1700 811
Volume to Capacity 0.00 0.06 0.03
Queue Length 95th (ft) 0 0 3
Control Delay (s) 0.4 0.0 9.6
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 19.6% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 10 5 320 90 20 40 5 40 40 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 12 6 386 108 24 48 6 48 48 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 157 500 78 120
Volume Left (vph) 24 6 24 48
Volume Right (vph) 12 108 6 24
Hadj (s) 0.06 -0.07 0.04 -0.02
Departure Headway (s) 5.2 4.6 5.8 5.6
Degree Utilization, x 0.23 0.64 0.13 0.19
Capacity (veh/h) 643 754 538 566
Control Delay (s) 9.7 15.7 9.6 9.9
Approach Delay (s) 9.7 15.7 9.6 9.9
Approach LOS A C A A

Intersection Summary
Delay 13.2
HCM Level of Service B
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 420 60 250 820 250 70 170 160 160 170 70
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.96
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3284 3358 1787 1694 1736 1752
Flt Permitted 0.64 0.69 0.45 1.00 0.30 1.00
Satd. Flow (perm) 2121 2335 846 1694 541 1752
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 483 69 287 943 287 80 195 184 184 195 80
RTOR Reduction (vph) 0 10 0 0 20 0 0 34 0 0 15 0
Lane Group Flow (vph) 0 599 0 0 1497 0 80 345 0 184 260 0
Heavy Vehicles (%) 2% 9% 2% 1% 5% 1% 1% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 59.1 59.1 29.2 29.2 29.2 29.2
Effective Green, g (s) 59.1 59.1 29.2 29.2 29.2 29.2
Actuated g/C Ratio 0.59 0.59 0.29 0.29 0.29 0.29
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1254 1380 247 495 158 512
v/s Ratio Prot 0.20 0.15
v/s Ratio Perm 0.28 c0.64 0.09 c0.34
v/c Ratio 0.48 1.08 0.32 0.70 1.16 0.51
Uniform Delay, d1 11.7 20.5 27.7 31.5 35.4 29.4
Progression Factor 1.00 0.47 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 49.2 0.8 4.3 122.7 0.8
Delay (s) 13.0 58.8 28.4 35.7 158.1 30.2
Level of Service B E C D F C
Approach Delay (s) 13.0 58.8 34.5 81.5
Approach LOS B E C F

Intersection Summary
HCM Average Control Delay 49.4 HCM Level of Service D
HCM Volume to Capacity ratio 1.11
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 100.0% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 760 20 40 1290 40 20 10 50 70 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3577 3671 1765 1856
Flt Permitted 0.93 0.90 0.92 0.72
Satd. Flow (perm) 3324 3304 1638 1373
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 817 22 43 1387 43 22 11 54 75 11 32
RTOR Reduction (vph) 0 1 0 0 1 0 0 47 0 0 16 0
Lane Group Flow (vph) 0 849 0 0 1472 0 0 40 0 0 102 0
Heavy Vehicles (%) 0% 6% 0% 3% 3% 0% 5% 0% 2% 1% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 78.3 78.3 12.7 12.7
Effective Green, g (s) 78.3 78.3 12.7 12.7
Actuated g/C Ratio 0.78 0.78 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2603 2587 208 174
v/s Ratio Prot
v/s Ratio Perm 0.26 c0.45 0.02 c0.07
v/c Ratio 0.33 0.57 0.19 0.59
Uniform Delay, d1 3.2 4.2 39.1 41.2
Progression Factor 0.60 0.22 1.00 1.00
Incremental Delay, d2 0.2 0.2 0.5 5.0
Delay (s) 2.1 1.2 39.5 46.2
Level of Service A A D D
Approach Delay (s) 2.1 1.2 39.5 46.2
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 82.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 870 10 30 1380 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00
Frt 1.00 1.00 0.92 0.96
Flt Protected 1.00 1.00 0.99 0.97
Satd. Flow (prot) 3402 3492 1678 1776
Flt Permitted 0.93 0.91 0.92 0.87
Satd. Flow (perm) 3164 3197 1567 1583
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 11 935 11 32 1484 43 11 5 22 43 11 22
RTOR Reduction (vph) 0 1 0 0 2 0 0 20 0 0 16 0
Lane Group Flow (vph) 0 956 0 0 1557 0 0 18 0 0 60 0
Heavy Vehicles (%) 0% 6% 0% 0% 3% 0% 0% 0% 5% 0% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 83.0 83.0 8.0 8.0
Effective Green, g (s) 83.0 83.0 8.0 8.0
Actuated g/C Ratio 0.83 0.83 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2626 2654 125 127
v/s Ratio Prot
v/s Ratio Perm 0.30 c0.49 0.01 c0.04
v/c Ratio 0.36 0.59 0.14 0.48
Uniform Delay, d1 2.1 2.8 42.8 44.0
Progression Factor 0.98 0.81 1.00 1.00
Incremental Delay, d2 0.4 0.2 0.5 2.8
Delay (s) 2.4 2.5 43.3 46.8
Level of Service A A D D
Approach Delay (s) 2.4 2.5 43.3 46.8
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 75.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 560 250 190 1160 600 150 190 60 280 240 110
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3551 1583 1770 3505 1583 1770 3539 1583 3433 3539 1553
Flt Permitted 0.11 1.00 1.00 0.37 1.00 1.00 0.59 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 206 3551 1583 687 3505 1583 1097 3539 1583 3433 3539 1553
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 154 615 275 209 1275 659 165 209 66 308 264 121
RTOR Reduction (vph) 0 0 143 0 0 250 0 0 60 0 0 108
Lane Group Flow (vph) 154 615 132 209 1275 409 165 209 6 308 264 13
Heavy Vehicles (%) 4% 7% 2% 2% 3% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt Perm Prot Perm
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 55.9 47.9 47.9 57.7 48.8 48.8 17.5 8.4 8.4 11.8 11.1 11.1
Effective Green, g (s) 55.9 47.9 47.9 57.7 48.8 48.8 17.5 8.4 8.4 11.8 11.1 11.1
Actuated g/C Ratio 0.56 0.48 0.48 0.58 0.49 0.49 0.18 0.08 0.08 0.12 0.11 0.11
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 238 1701 758 493 1710 773 253 297 133 405 393 172
v/s Ratio Prot c0.05 0.17 0.04 c0.36 0.06 0.06 c0.09 c0.07
v/s Ratio Perm 0.31 0.08 0.21 0.26 0.05 0.00 0.01
v/c Ratio 0.65 0.36 0.17 0.42 0.75 0.53 0.65 0.70 0.04 0.76 0.67 0.08
Uniform Delay, d1 15.0 16.4 14.8 10.4 20.6 17.7 37.5 44.6 42.1 42.7 42.7 39.9
Progression Factor 1.35 0.76 0.83 0.67 0.82 0.80 0.93 0.94 0.79 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.6 0.5 0.2 2.4 2.0 4.5 6.0 0.0 7.4 3.5 0.1
Delay (s) 24.6 13.0 12.7 7.2 19.2 16.1 39.3 48.0 33.4 50.1 46.2 39.9
Level of Service C B B A B B D D C D D D
Approach Delay (s) 14.6 17.1 42.5 46.9
Approach LOS B B D D

Intersection Summary
HCM Average Control Delay 23.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 74.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NWL NWR NET NER SWL SWT
Lane Configurations
Volume (vph) 130 20 780 120 10 1830
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Lane Util. Factor 1.00 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 1538 3619 1568 1805 3689
Flt Permitted 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1736 1538 3619 1568 1805 3689
Peak-hour factor, PHF 0.97 0.97 0.97 0.97 0.97 0.97
Adj. Flow (vph) 134 21 804 124 10 1887
RTOR Reduction (vph) 0 18 0 66 0 0
Lane Group Flow (vph) 134 3 804 58 10 1887
Heavy Vehicles (%) 4% 5% 5% 3% 0% 3%
Turn Type Perm custom Prot
Protected Phases 8 2 4 1 6
Permitted Phases 8
Actuated Green, G (s) 12.8 12.8 71.7 12.8 1.5 76.2
Effective Green, g (s) 12.8 12.8 71.7 12.8 1.5 76.2
Actuated g/C Ratio 0.13 0.13 0.72 0.13 0.02 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 4.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 222 197 2595 201 27 2811
v/s Ratio Prot c0.08 0.22 0.04 0.01 c0.51
v/s Ratio Perm 0.00
v/c Ratio 0.60 0.01 0.31 0.29 0.37 0.67
Uniform Delay, d1 41.2 38.1 5.1 39.5 48.8 5.8
Progression Factor 1.00 1.00 1.28 1.17 1.00 1.00
Incremental Delay, d2 4.6 0.0 0.3 0.7 8.4 1.3
Delay (s) 45.8 38.1 6.9 46.8 57.2 7.1
Level of Service D D A D E A
Approach Delay (s) 44.7 12.2 7.4
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 10.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 64.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1410 180 520 1430 40 140 20 400 40 10 30
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 0.88 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.85 1.00 0.89
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.96 1.00 0.95 1.00
Satd. Flow (prot) 1805 3689 1599 3502 3654 1615 1820 2842 1805 1685
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.72 1.00 0.43 1.00
Satd. Flow (perm) 1805 3689 1599 3502 3654 1615 1368 2842 809 1685
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 1584 202 584 1607 45 157 22 449 45 11 34
RTOR Reduction (vph) 0 0 94 0 0 15 0 0 0 0 29 0
Lane Group Flow (vph) 45 1584 108 584 1607 30 0 179 449 45 16 0
Heavy Vehicles (%) 0% 3% 1% 0% 4% 0% 0% 0% 0% 0% 0% 0%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.4 63.9 63.9 22.6 80.1 80.1 17.9 44.5 17.9 17.9
Effective Green, g (s) 6.4 63.9 63.9 22.6 80.1 80.1 17.9 40.5 17.9 17.9
Actuated g/C Ratio 0.05 0.53 0.53 0.19 0.67 0.67 0.15 0.34 0.15 0.15
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 96 1964 851 660 2439 1078 204 959 121 251
v/s Ratio Prot 0.02 c0.43 c0.17 0.44 0.16 0.01
v/s Ratio Perm 0.07 0.02 c0.13 0.06
v/c Ratio 0.47 0.81 0.13 0.88 0.66 0.03 0.88 0.47 0.37 0.06
Uniform Delay, d1 55.1 23.0 14.1 47.4 11.8 6.8 50.0 31.3 46.0 43.9
Progression Factor 1.00 1.00 1.00 0.80 0.47 0.19 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 3.7 0.3 7.0 0.7 0.0 31.0 0.1 0.7 0.0
Delay (s) 56.5 26.7 14.4 45.1 6.2 1.3 81.0 31.4 46.7 43.9
Level of Service E C B D A A F C D D
Approach Delay (s) 26.0 16.3 45.5 45.3
Approach LOS C B D D

Intersection Summary
HCM Average Control Delay 24.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 80.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1610 240 130 540 0 0 0 0 140 0 1450
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3437 1687 3725 1787 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3437 1687 3725 1787 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1695 253 137 568 0 0 0 0 147 0 1526
RTOR Reduction (vph) 0 10 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1938 0 137 568 0 0 0 0 147 0 1526
Heavy Vehicles (%) 0% 3% 3% 7% 2% 0% 0% 0% 0% 1% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 77.3 14.7 27.1 13.0 64.9
Effective Green, g (s) 77.3 14.7 27.1 13.0 64.9
Actuated g/C Ratio 0.64 0.12 0.23 0.11 0.54
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2214 207 841 194 1493
v/s Ratio Prot c0.56 0.08 c0.15 c0.08 c0.55
v/s Ratio Perm
v/c Ratio 0.88 0.66 0.68 0.76 1.02
Uniform Delay, d1 17.4 50.3 42.4 52.0 27.6
Progression Factor 0.59 0.96 0.96 1.00 1.00
Incremental Delay, d2 3.7 7.0 3.9 15.5 29.0
Delay (s) 14.0 55.3 44.5 67.5 56.6
Level of Service B E D E E
Approach Delay (s) 14.0 46.6 0.0 57.5
Approach LOS B D A E

Intersection Summary
HCM Average Control Delay 36.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 540 0 0 580 20 90 0 60 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1832 1595
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1832 1595
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 614 0 0 659 23 102 0 68 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 22 0 0 0 0
Lane Group Flow (vph) 0 614 0 0 681 0 0 148 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 7% 0% 13% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 93.7 93.7 16.3
Effective Green, g (s) 93.7 93.7 16.3
Actuated g/C Ratio 0.78 0.78 0.14
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2937 1430 217
v/s Ratio Prot 0.16 c0.37
v/s Ratio Perm 0.09
v/c Ratio 0.21 0.48 0.68
Uniform Delay, d1 3.4 4.6 49.4
Progression Factor 1.22 1.00 1.00
Incremental Delay, d2 0.1 1.1 8.2
Delay (s) 4.3 5.7 57.6
Level of Service A A E
Approach Delay (s) 4.3 5.7 57.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 11.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
10: Sante Fe & Moonlight PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 110 130 270 70 160 530
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3457 1770 3539
Flt Permitted 0.95 1.00 1.00 0.53 1.00
Satd. Flow (perm) 1770 1583 3457 995 3539
Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93
Adj. Flow (vph) 118 140 290 75 172 570
RTOR Reduction (vph) 0 123 13 0 0 0
Lane Group Flow (vph) 118 17 352 0 172 570
Heavy Vehicles (%) 2% 2% 1% 2% 2% 2%
Turn Type Perm Perm
Protected Phases 6 8 4
Permitted Phases 6 4
Actuated Green, G (s) 12.0 12.0 78.0 78.0 78.0
Effective Green, g (s) 12.0 12.0 78.0 78.0 78.0
Actuated g/C Ratio 0.12 0.12 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 212 190 2696 776 2760
v/s Ratio Prot c0.07 0.10 0.16
v/s Ratio Perm 0.01 c0.17
v/c Ratio 0.56 0.09 0.13 0.22 0.21
Uniform Delay, d1 41.5 39.1 2.7 2.9 2.9
Progression Factor 1.00 1.00 1.00 0.55 0.55
Incremental Delay, d2 3.1 0.2 0.1 0.6 0.2
Delay (s) 44.6 39.3 2.8 2.2 1.7
Level of Service D D A A A
Approach Delay (s) 41.8 2.8 1.8
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.27
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 40 160 10 30 20 20 140 5 130 300 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.89 0.96 1.00 1.00
Flt Protected 1.00 0.99 0.99 0.99
Satd. Flow (prot) 1578 1717 1734 1737
Flt Permitted 0.99 0.93 0.92 0.83
Satd. Flow (perm) 1566 1606 1606 1470
Peak-hour factor, PHF 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Adj. Flow (vph) 6 51 203 13 38 25 25 177 6 165 380 6
RTOR Reduction (vph) 0 150 0 0 20 0 0 1 0 0 0 0
Lane Group Flow (vph) 0 110 0 0 56 0 0 207 0 0 551 0
Heavy Vehicles (%) 0% 3% 9% 10% 3% 5% 0% 10% 0% 14% 5% 0%
Bus Blockages (#/hr) 1 0 0 0 0 0 0 0 0 0 0 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 2 6
Actuated Green, G (s) 8.5 8.5 22.4 22.4
Effective Green, g (s) 8.5 8.5 22.4 22.4
Actuated g/C Ratio 0.21 0.21 0.55 0.55
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 325 334 880 805
v/s Ratio Prot
v/s Ratio Perm c0.07 0.03 0.13 c0.37
v/c Ratio 0.34 0.17 0.23 0.68
Uniform Delay, d1 13.8 13.3 4.8 6.7
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 0.2 0.1 2.4
Delay (s) 14.4 13.5 4.9 9.1
Level of Service B B A A
Approach Delay (s) 14.4 13.5 4.9 9.1
Approach LOS B B A A

Intersection Summary
HCM Average Control Delay 9.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 40.9 Sum of lost time (s) 10.0
Intersection Capacity Utilization 57.3% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 5 0 10 10 5 5 0 5 5 5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 11 5 0 11 11 5 5 0 5 5 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 22 22 11 16
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 11 0 5
Hadj (s) -0.10 -0.30 0.10 -0.13
Departure Headway (s) 3.9 3.7 4.1 3.9
Degree Utilization, x 0.02 0.02 0.01 0.02
Capacity (veh/h) 915 965 855 916
Control Delay (s) 7.0 6.8 7.2 6.9
Approach Delay (s) 7.0 6.8 7.2 6.9
Approach LOS A A A A

Intersection Summary
Delay 6.9
HCM Level of Service A
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 70 60 10 60 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 76 65 11 65 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 255 71 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 255 71 76
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 92 96
cM capacity (veh/h) 706 998 1536

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 87 76 120
Volume Left 11 0 65
Volume Right 76 11 0
cSH 949 1700 1536
Volume to Capacity 0.09 0.04 0.04
Queue Length 95th (ft) 8 0 3
Control Delay (s) 9.2 0.0 4.2
Lane LOS A A
Approach Delay (s) 9.2 0.0 4.2
Approach LOS A

Intersection Summary
Average Delay 4.6
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 40 80 60 50 50 120 310 130 70 280 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.90 1.00 0.92 1.00 0.96 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1752 1699 1770 1723 1787 3314 1787 3402
Flt Permitted 0.56 1.00 0.50 1.00 0.50 1.00 0.45 1.00
Satd. Flow (perm) 1038 1699 925 1723 950 3314 852 3402
Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Adj. Flow (vph) 45 45 90 67 56 56 135 348 146 79 315 56
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 45 135 0 67 112 0 135 494 0 79 371 0
Heavy Vehicles (%) 3% 0% 1% 2% 2% 2% 1% 5% 2% 1% 4% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 14.0 9.9 15.6 10.7 51.1 44.7 49.3 43.8
Effective Green, g (s) 14.0 9.9 15.6 10.7 51.1 44.7 49.3 43.8
Actuated g/C Ratio 0.19 0.13 0.21 0.14 0.68 0.60 0.66 0.58
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 233 224 248 246 719 1975 629 1987
v/s Ratio Prot 0.01 c0.08 c0.02 0.07 c0.02 c0.15 0.01 0.11
v/s Ratio Perm 0.03 0.04 0.11 0.07
v/c Ratio 0.19 0.60 0.27 0.46 0.19 0.25 0.13 0.19
Uniform Delay, d1 27.2 30.7 27.2 29.5 4.2 7.2 4.6 7.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.4 4.5 0.6 1.3 0.1 0.3 0.1 0.0
Delay (s) 27.6 35.2 27.8 30.8 4.3 7.5 4.7 7.3
Level of Service C D C C A A A A
Approach Delay (s) 33.3 29.7 6.8 6.9
Approach LOS C C A A

Intersection Summary
HCM Average Control Delay 13.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.30
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 5 5 180 330 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 0 7 7 237 434 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 684 434 434
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 684 434 434
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 99 99
cM capacity (veh/h) 415 626 1136

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 7 243 434
Volume Left 0 7 0
Volume Right 7 0 0
cSH 626 1136 1700
Volume to Capacity 0.01 0.01 0.26
Queue Length 95th (ft) 1 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 0.2
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 50 200 0 5 210 20 5 5 5 20 5 40
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 54 217 0 5 228 22 5 5 5 22 5 43
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 250 217 622 587 217 584 576 239
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 217 622 587 217 584 576 239
tC, single (s) 4.3 4.1 7.1 6.5 6.2 7.3 6.5 6.5
tC, 2 stage (s)
tF (s) 2.4 2.2 3.5 4.0 3.3 3.7 4.0 3.6
p0 queue free % 95 100 98 99 99 94 99 94
cM capacity (veh/h) 1207 1364 360 404 827 376 410 740

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 272 255 16 71
Volume Left 54 5 5 22
Volume Right 0 22 5 43
cSH 1207 1364 464 544
Volume to Capacity 0.05 0.00 0.04 0.13
Queue Length 95th (ft) 4 0 3 11
Control Delay (s) 2.0 0.2 13.0 12.6
Lane LOS A A B B
Approach Delay (s) 2.0 0.2 13.0 12.6
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 10 220 20 10 20 220 610 20 20 480 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Frt 1.00 1.00 0.85 0.95 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.98 0.99 1.00 1.00
Satd. Flow (prot) 1805 1900 1137 1762 3052 3502 1538
Flt Permitted 0.85 1.00 1.00 0.87 0.69 0.90 1.00
Satd. Flow (perm) 1616 1900 1137 1565 2125 3168 1538
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 21 11 232 22 11 22 232 642 22 22 505 21
RTOR Reduction (vph) 0 0 207 0 20 0 0 1 0 0 0 5
Lane Group Flow (vph) 21 11 25 0 35 0 0 895 0 0 527 16
Heavy Vehicles (%) 0% 0% 42% 0% 0% 0% 52% 4% 0% 0% 3% 5%
Turn Type Perm Perm Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 9.8 9.8 9.8 9.8 70.2 70.2 70.2
Effective Green, g (s) 9.8 9.8 9.8 9.8 70.2 70.2 70.2
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 176 207 124 170 1658 2471 1200
v/s Ratio Prot 0.01
v/s Ratio Perm 0.01 0.02 c0.02 c0.42 0.17 0.01
v/c Ratio 0.12 0.05 0.20 0.21 0.54 0.21 0.01
Uniform Delay, d1 36.2 35.9 36.5 36.6 3.8 2.6 2.2
Progression Factor 1.00 1.00 1.00 1.00 1.19 1.00 1.00
Incremental Delay, d2 0.3 0.1 0.8 0.6 1.0 0.2 0.0
Delay (s) 36.5 36.0 37.4 37.2 5.5 2.8 2.2
Level of Service D D D D A A A
Approach Delay (s) 37.2 37.2 5.5 2.8
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.8% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 170 0 640 10 210 0 0 600 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 1.00
Satd. Flow (prot) 1736 1346 1785 1638 1495
Flt Permitted 0.95 1.00 0.97 1.00 1.00
Satd. Flow (perm) 1736 1346 1738 1638 1495
Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Adj. Flow (vph) 0 0 0 181 0 681 11 223 0 0 638 128
RTOR Reduction (vph) 0 0 0 0 0 497 0 0 0 0 0 42
Lane Group Flow (vph) 0 0 0 181 0 184 0 234 0 0 638 86
Heavy Vehicles (%) 0% 0% 0% 4% 0% 20% 10% 6% 0% 0% 16% 8%
Turn Type Prot custom Perm Perm
Protected Phases 3 2 6
Permitted Phases 3 2 6
Actuated Green, G (s) 19.2 19.2 60.8 60.8 60.8
Effective Green, g (s) 19.2 19.2 60.8 60.8 60.8
Actuated g/C Ratio 0.21 0.21 0.68 0.68 0.68
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 287 1174 1107 1010
v/s Ratio Prot 0.10 c0.39
v/s Ratio Perm c0.14 0.13 0.06
v/c Ratio 0.49 0.64 0.20 0.58 0.09
Uniform Delay, d1 31.1 32.3 5.5 7.8 5.0
Progression Factor 1.00 1.00 0.73 1.27 2.29
Incremental Delay, d2 1.0 4.8 0.4 2.1 0.2
Delay (s) 32.1 37.1 4.3 12.0 11.7
Level of Service C D A B B
Approach Delay (s) 0.0 36.0 4.3 11.9
Approach LOS A D A B

Intersection Summary
HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 0 20 0 0 0 0 150 50 430 340 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.97 1.00 0.85 1.00
Flt Protected 0.96 1.00 1.00 0.97
Satd. Flow (prot) 1595 1845 1553 1632
Flt Permitted 0.96 1.00 1.00 0.74
Satd. Flow (perm) 1595 1845 1553 1237
Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
Adj. Flow (vph) 77 0 22 0 0 0 0 165 55 473 374 0
RTOR Reduction (vph) 0 11 0 0 0 0 0 0 10 0 0 0
Lane Group Flow (vph) 0 88 0 0 0 0 0 165 45 0 847 0
Heavy Vehicles (%) 13% 0% 5% 0% 0% 0% 0% 3% 4% 23% 1% 0%
Turn Type Perm Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 2 6
Actuated Green, G (s) 7.0 73.0 73.0 73.0
Effective Green, g (s) 7.0 73.0 73.0 73.0
Actuated g/C Ratio 0.08 0.81 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 124 1497 1260 1003
v/s Ratio Prot 0.09
v/s Ratio Perm 0.06 0.03 c0.68
v/c Ratio 0.71 0.11 0.04 0.84
Uniform Delay, d1 40.5 1.8 1.7 5.1
Progression Factor 1.00 1.00 1.00 1.41
Incremental Delay, d2 16.9 0.1 0.1 7.7
Delay (s) 57.4 1.9 1.7 14.9
Level of Service E A A B
Approach Delay (s) 57.4 0.0 1.9 14.9
Approach LOS E A A B

Intersection Summary
HCM Average Control Delay 16.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 0 5 200 5 10 350
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93
Hourly flow rate (vph) 0 5 215 5 11 376
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 220
pX, platoon unblocked
vC, conflicting volume 616 218 220
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 616 218 220
tC, single (s) 6.4 6.4 4.2
tC, 2 stage (s)
tF (s) 3.5 3.5 2.3
p0 queue free % 100 99 99
cM capacity (veh/h) 454 779 1303

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 5 220 387
Volume Left 0 0 11
Volume Right 5 5 0
cSH 779 1700 1303
Volume to Capacity 0.01 0.13 0.01
Queue Length 95th (ft) 1 0 1
Control Delay (s) 9.7 0.0 0.3
Lane LOS A A
Approach Delay (s) 9.7 0.0 0.3
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 36.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 40 5 0 10 190 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 51 6 0 13 241 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 778 801 484 791 778 266 487 291
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 778 801 484 791 778 266 487 291
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 82 98 100 99 100
cM capacity (veh/h) 308 316 587 287 326 778 1086 1282

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 57 304 487
Volume Left 0 51 13 0
Volume Right 13 0 51 6
cSH 457 291 1086 1282
Volume to Capacity 0.04 0.20 0.01 0.00
Queue Length 95th (ft) 3 18 1 0
Control Delay (s) 13.2 20.4 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 20.4 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 20 60 360 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 256 26 77 462 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 282 885 269
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 282 885 269
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 70 93
cM capacity (veh/h) 1292 298 774

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 282 538 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1292 384
Volume to Capacity 0.17 0.06 0.37
Queue Length 95th (ft) 0 5 41
Control Delay (s) 0.0 1.7 19.7
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.7
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 50.3% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 40 50 5 10 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 12 48 60 6 12 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 65 134 62
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 65 134 62
tC, single (s) 4.4 6.6 6.4
tC, 2 stage (s)
tF (s) 2.5 3.7 3.5
p0 queue free % 99 99 99
cM capacity (veh/h) 1376 812 954

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 60 65 24
Volume Left 12 0 12
Volume Right 0 6 12
cSH 1376 1700 877
Volume to Capacity 0.01 0.04 0.03
Queue Length 95th (ft) 1 0 2
Control Delay (s) 1.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 1.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 40 60 10 100 10 60 200 50
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 45 67 11 112 11 67 225 56

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 124 135 348
Volume Left (vph) 22 11 11 67
Volume Right (vph) 22 67 11 56
Hadj (s) -0.08 -0.23 0.02 -0.02
Departure Headway (s) 5.2 4.9 4.8 4.5
Degree Utilization, x 0.10 0.17 0.18 0.44
Capacity (veh/h) 622 660 699 759
Control Delay (s) 8.7 8.9 8.9 11.1
Approach Delay (s) 8.7 8.9 8.9 11.1
Approach LOS A A A B

Intersection Summary
Delay 10.0
HCM Level of Service B
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 540 1200 0 670 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 607 1348 0 753 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked
vC, conflicting volume 1955 983 303
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1955 983 303
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 303 249 699

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 303 303 1348 376 376
Volume Left 0 0 0 0 0
Volume Right 0 0 1348 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.18 0.18 0.79 0.22 0.22
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 5 10 110 90 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 11 120 98 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 87 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 87 71
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 99 86 99
cM capacity (veh/h) 1021 717 775

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 11 130 98 5
Volume Left 5 0 98 0
Volume Right 0 120 0 5
cSH 1021 1700 717 775
Volume to Capacity 0.01 0.08 0.14 0.01
Queue Length 95th (ft) 0 0 12 1
Control Delay (s) 4.3 0.0 10.8 9.7
Lane LOS A B A
Approach Delay (s) 4.3 0.0 10.7
Approach LOS B

Intersection Summary
Average Delay 4.7
Intersection Capacity Utilization 19.0% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 90 110 130 150 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 98 120 141 163 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 261 310 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 261 310 190
tC, single (s) 4.6 6.5 6.6
tC, 2 stage (s)
tF (s) 2.7 3.6 3.7
p0 queue free % 99 75 99
cM capacity (veh/h) 1070 665 763

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 109 261 163 11
Volume Left 11 0 163 0
Volume Right 0 141 0 11
cSH 1070 1700 665 763
Volume to Capacity 0.01 0.15 0.25 0.01
Queue Length 95th (ft) 1 0 24 1
Control Delay (s) 0.9 0.0 12.2 9.8
Lane LOS A B A
Approach Delay (s) 0.9 0.0 12.0
Approach LOS B

Intersection Summary
Average Delay 4.0
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 5 5 5 60 60 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 5 5 65 65 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 144 68 71
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 144 68 71
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 99 99 100
cM capacity (veh/h) 850 1001 1543

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 5 5 71 71
Volume Left 5 0 5 0
Volume Right 0 5 0 5
cSH 850 1001 1543 1700
Volume to Capacity 0.01 0.01 0.00 0.04
Queue Length 95th (ft) 0 0 0 0
Control Delay (s) 9.3 8.6 0.6 0.0
Lane LOS A A A
Approach Delay (s) 8.9 0.6 0.0
Approach LOS A

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
83: Driveway D & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 150 80 70 50 40 120
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 163 87 76 54 43 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 315 109 174
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 315 109 174
tC, single (s) 6.5 6.3 4.3
tC, 2 stage (s)
tF (s) 3.6 3.4 2.3
p0 queue free % 74 91 94
cM capacity (veh/h) 629 921 1322

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 163 87 130 174
Volume Left 163 0 76 0
Volume Right 0 87 0 130
cSH 629 921 1322 1700
Volume to Capacity 0.26 0.09 0.06 0.10
Queue Length 95th (ft) 26 8 5 0
Control Delay (s) 12.7 9.3 4.8 0.0
Lane LOS B A A
Approach Delay (s) 11.5 4.8 0.0
Approach LOS B

Intersection Summary
Average Delay 6.3
Intersection Capacity Utilization 34.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Gardner Proposed Action + Indirect Effects - (Mitigated)
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 95 115 5 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 103 125 5 5 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 130 242 128
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 130 242 128
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1467 748 928

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 109 130 11
Volume Left 5 0 5
Volume Right 0 5 5
cSH 1467 1700 828
Volume to Capacity 0.00 0.08 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.4 0.0 9.4
Lane LOS A A
Approach Delay (s) 0.4 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 19.1% ICU Level of Service A
Analysis Period (min) 15

2015 Gardner IMF Operations + Induced Development - (Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 640 10 10 10 370 230 10 20 240 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.92 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1677 1805 1850 1770 3486 1805 3397
Flt Permitted 0.74 1.00 0.22 1.00 0.57 1.00 0.60 1.00
Satd. Flow (perm) 1357 1677 422 1850 1053 3486 1131 3397
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 674 11 11 11 389 242 11 21 253 53
RTOR Reduction (vph) 0 464 0 0 9 0 0 3 0 0 12 0
Lane Group Flow (vph) 74 231 0 11 13 0 389 250 0 21 294 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.0 18.0 18.0 18.0 62.0 51.6 51.2 45.8
Effective Green, g (s) 18.0 18.0 18.0 18.0 62.0 51.6 51.2 45.8
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.69 0.57 0.57 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 271 335 84 370 815 1999 684 1729
v/s Ratio Prot c0.14 0.01 c0.06 0.07 0.00 0.09
v/s Ratio Perm 0.05 0.03 c0.27 0.02
v/c Ratio 0.27 0.69 0.13 0.04 0.48 0.13 0.03 0.17
Uniform Delay, d1 30.5 33.4 29.6 29.0 6.9 8.8 8.5 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.83 0.44 1.00 1.00
Incremental Delay, d2 0.5 5.8 0.7 0.0 0.4 0.1 0.0 0.2
Delay (s) 31.0 39.2 30.3 29.0 6.2 4.0 8.5 12.1
Level of Service C D C C A A A B
Approach Delay (s) 38.4 29.5 5.3 11.9
Approach LOS D C A B

Intersection Summary
HCM Average Control Delay 21.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 820 60 170 450 270 70 990 300 360 830 190
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3585 1583 1687 3486 1553 1752 3689 1553 3367 3413
Flt Permitted 0.40 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 746 3585 1583 279 3486 1553 1752 3689 1553 3367 3413
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 863 63 179 474 284 74 1042 316 379 874 200
RTOR Reduction (vph) 0 0 40 0 0 204 0 0 119 0 21 0
Lane Group Flow (vph) 147 863 23 179 474 80 74 1042 197 379 1053 0
Heavy Vehicles (%) 3% 6% 2% 7% 9% 4% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.6 25.0 25.0 32.6 25.5 25.5 5.6 29.5 29.5 11.7 35.6
Effective Green, g (s) 31.6 25.0 25.0 32.6 25.5 25.5 5.6 29.5 29.5 11.7 35.6
Actuated g/C Ratio 0.35 0.28 0.28 0.36 0.28 0.28 0.06 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 336 996 440 212 988 440 109 1209 509 438 1350
v/s Ratio Prot 0.03 c0.24 c0.07 0.14 0.04 c0.28 c0.11 0.31
v/s Ratio Perm 0.12 0.01 0.24 0.05 0.13
v/c Ratio 0.44 0.87 0.05 0.84 0.48 0.18 0.68 0.86 0.39 0.87 0.78
Uniform Delay, d1 20.8 30.9 23.8 22.4 26.7 24.4 41.3 28.3 23.3 38.4 23.8
Progression Factor 0.56 0.66 0.56 1.35 1.05 2.70 0.74 0.60 0.23 1.00 1.00
Incremental Delay, d2 0.8 9.4 0.2 24.0 1.6 0.9 10.9 4.6 0.3 16.2 2.9
Delay (s) 12.4 29.9 13.5 54.3 29.6 66.6 41.5 21.5 5.8 54.5 26.7
Level of Service B C B D C E D C A D C
Approach Delay (s) 26.5 45.5 19.0 34.0
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 30.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 19.2
Intersection Capacity Utilization 83.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1480 10 10 830 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3436 3313 1805 1651 1770 1610
Flt Permitted 0.93 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3211 3082 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1558 11 11 874 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1590 0 0 974 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 5% 0% 0% 8% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2480 2380 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.50 0.32 0.01 c0.09
v/c Ratio 0.64 0.41 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.6 3.4 34.5 34.6 37.4 34.6
Progression Factor 0.66 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 3.9 3.8 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 3.9 3.8 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 75.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1630 10 10 900 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3432 3341 1805 1548 1770 1612
Flt Permitted 0.90 0.93 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3090 3096 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1716 11 11 947 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 4 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1769 0 0 1017 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 5% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 71.0 71.0 10.0 10.0 10.0 10.0
Effective Green, g (s) 71.0 71.0 10.0 10.0 10.0 10.0
Actuated g/C Ratio 0.79 0.79 0.11 0.11 0.11 0.11
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2438 2442 155 172 153 179
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.57 0.33 0.00 c0.08
v/c Ratio 0.73 0.42 0.03 0.04 0.69 0.05
Uniform Delay, d1 4.7 3.0 35.7 35.7 38.5 35.7
Progression Factor 0.41 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.1 12.0 0.1
Delay (s) 3.5 3.1 35.8 35.8 50.5 35.9
Level of Service A A D D D D
Approach Delay (s) 3.5 3.1 35.8 46.7
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 170 1400 190 150 700 600 150 620 270 1170 530 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3619 1568 1770 3486 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.21 1.00 1.00 0.10 1.00 1.00 0.44 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 381 3619 1568 188 3486 1583 825 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 179 1474 200 158 737 632 158 653 284 1232 558 126
RTOR Reduction (vph) 0 0 54 0 0 341 0 0 81 0 0 86
Lane Group Flow (vph) 179 1474 146 158 737 291 158 653 203 1232 558 40
Heavy Vehicles (%) 5% 5% 3% 2% 9% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 51.5 42.6 42.6 45.7 39.7 39.7 28.4 18.5 18.5 29.9 38.5 38.5
Effective Green, g (s) 51.5 42.6 42.6 45.7 39.7 39.7 28.4 18.5 18.5 29.9 38.5 38.5
Actuated g/C Ratio 0.43 0.36 0.36 0.38 0.33 0.33 0.24 0.15 0.15 0.25 0.32 0.32
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 263 1285 557 151 1153 524 273 574 239 855 1135 498
v/s Ratio Prot 0.05 c0.41 c0.05 0.21 0.05 c0.18 0.13 c0.36 0.16
v/s Ratio Perm 0.24 0.09 0.35 0.18 0.09 0.03
v/c Ratio 0.68 1.15 0.26 1.05 0.64 0.55 0.58 1.14 0.85 1.44 0.49 0.08
Uniform Delay, d1 23.8 38.7 27.5 34.2 34.1 32.9 38.4 50.7 49.4 45.1 32.9 28.4
Progression Factor 1.00 1.00 1.00 1.12 0.92 1.21 0.89 0.81 0.67 1.00 1.00 1.00
Incremental Delay, d2 5.7 75.7 1.1 82.6 2.5 3.8 1.5 78.8 19.4 205.1 0.1 0.0
Delay (s) 29.4 114.4 28.7 120.7 33.8 43.6 35.6 120.0 52.8 250.1 33.0 28.4
Level of Service C F C F C D D F D F C C
Approach Delay (s) 97.0 46.9 90.4 172.3
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 106.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 113.9% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 160 10 1870 980 10 1310
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1615 3654 1583 1805 3585
Flt Permitted 0.95 1.00 1.00 1.00 0.06 1.00
Satd. Flow (perm) 3433 1615 3654 1583 118 3585
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 165 10 1968 1032 11 1379
RTOR Reduction (vph) 0 9 0 122 0 0
Lane Group Flow (vph) 165 1 1968 910 11 1379
Heavy Vehicles (%) 2% 0% 4% 2% 0% 6%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 13.4 13.4 90.4 103.8 96.6 96.6
Effective Green, g (s) 13.4 13.4 90.4 103.8 96.6 96.6
Actuated g/C Ratio 0.11 0.11 0.75 0.86 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 383 180 2753 1435 112 2886
v/s Ratio Prot 0.05 c0.54 c0.07 0.00 c0.38
v/s Ratio Perm 0.00 0.50 0.08
v/c Ratio 0.43 0.01 0.71 0.63 0.10 0.48
Uniform Delay, d1 49.7 47.4 7.9 2.4 9.4 3.7
Progression Factor 1.00 1.00 0.68 17.00 1.29 1.28
Incremental Delay, d2 0.8 0.0 0.1 0.1 0.2 0.3
Delay (s) 50.5 47.4 5.5 41.2 12.3 5.1
Level of Service D D A D B A
Approach Delay (s) 50.3 17.8 5.1
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 15.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2050 160 680 2120 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3689 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3689 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2158 168 716 2232 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 67 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2158 101 716 2232 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.02 0.11 1.09 0.84 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 12.1 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.86 0.74 0.37 1.07 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.7 23.2 0.2 42.5 0.3 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 104.8 42.2 4.5 94.3 12.4 5.0 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F B A F D D D D D
Approach Delay (s) 41.5 31.3 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 38.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.04
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 102.8% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2740 90 350 1470 0 0 0 0 210 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3509 202 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2884 95 368 1547 0 0 0 0 221 0 1453
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2977 0 368 1547 0 0 0 0 221 0 1453
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 51.8 51.8 12.0 53.2
Effective Green, g (s) 77.0 51.8 51.8 12.0 53.2
Actuated g/C Ratio 0.64 0.43 0.43 0.10 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2252 289 1608 174 1339
v/s Ratio Prot c0.85 c0.17 0.42 0.13 c0.37
v/s Ratio Perm 0.38 0.15
v/c Ratio 1.32 1.27 0.96 1.27 1.09
Uniform Delay, d1 21.5 35.7 33.1 54.0 33.4
Progression Factor 0.72 0.90 0.87 1.00 1.00
Incremental Delay, d2 145.9 139.8 10.7 158.8 51.1
Delay (s) 161.4 171.8 39.5 212.8 84.5
Level of Service F F D F F
Approach Delay (s) 161.4 65.0 0.0 101.5
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 118.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.26
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 121.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 0 0 1650 510 170 0 690 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 0 0 1737 537 179 0 726 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1389 0 0 1737 431 179 363 363 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 75.2 75.2 75.2 34.8 34.8 34.8
Effective Green, g (s) 75.2 75.2 75.2 34.8 34.8 34.8
Actuated g/C Ratio 0.63 0.63 0.63 0.29 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2334 2218 992 489 432 432
v/s Ratio Prot 0.37 c0.49 c0.24
v/s Ratio Perm 0.27 0.11 0.24
v/c Ratio 0.60 0.78 0.43 0.37 0.84 0.84
Uniform Delay, d1 13.3 16.4 11.5 33.8 40.0 40.0
Progression Factor 0.49 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.9 0.3 0.5 13.7 13.7
Delay (s) 6.7 18.3 11.8 34.3 53.7 53.7
Level of Service A B B C D D
Approach Delay (s) 6.7 16.8 49.9 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 330 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 393 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 347 747 253 484 432
RTOR Reduction (vph) 0 307 21 0 0 0
Lane Group Flow (vph) 126 40 979 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 63.9 96.2 96.2
Effective Green, g (s) 13.8 13.8 63.9 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.53 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1800 628 2810
v/s Ratio Prot c0.07 0.29 c0.18 0.12
v/s Ratio Perm 0.03 c0.44
v/c Ratio 0.62 0.22 0.54 0.77 0.15
Uniform Delay, d1 50.6 48.2 18.5 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.61 0.80
Incremental Delay, d2 5.5 0.6 1.2 4.9 0.1
Delay (s) 56.1 48.8 19.6 16.2 2.2
Level of Service E D B B A
Approach Delay (s) 50.7 19.6 9.6
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 22.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 250 140 550 280 40 70 140 20 200 70 300
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1482 3400 3469 1736 3312 1615 1736 2935 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1482 3400 3469 1736 3312 1615 1736 2935 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 263 147 579 295 42 74 147 21 211 74 316
RTOR Reduction (vph) 0 0 127 0 13 0 0 0 18 0 0 223
Lane Group Flow (vph) 21 263 20 579 324 0 74 147 3 211 74 93
Heavy Vehicles (%) 0% 2% 9% 3% 1% 10% 4% 9% 0% 4% 23% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 3.1 12.1 12.1 23.5 32.5 7.9 12.2 12.2 22.2 26.5 26.5
Effective Green, g (s) 3.1 12.1 12.1 23.5 32.5 7.9 12.2 12.2 22.2 26.5 26.5
Actuated g/C Ratio 0.03 0.13 0.13 0.26 0.36 0.09 0.14 0.14 0.25 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 476 199 888 1253 152 449 219 428 864 462
v/s Ratio Prot 0.01 c0.07 c0.17 0.09 0.04 c0.04 c0.12 0.03
v/s Ratio Perm 0.01 0.00 0.06
v/c Ratio 0.34 0.55 0.10 0.65 0.26 0.49 0.33 0.01 0.49 0.09 0.20
Uniform Delay, d1 42.4 36.4 34.2 29.6 20.3 39.1 35.2 33.7 29.1 23.0 23.8
Progression Factor 0.98 0.98 0.93 0.96 0.95 0.87 0.84 0.71 1.15 0.69 0.62
Incremental Delay, d2 3.2 1.4 0.2 1.5 0.1 2.2 1.8 0.1 0.8 0.2 0.8
Delay (s) 45.0 37.1 32.1 29.9 19.4 36.3 31.4 23.9 34.3 16.0 15.7
Level of Service D D C C B D C C C B B
Approach Delay (s) 35.8 26.0 32.3 22.3
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 27.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 54.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 5 5 40 5 10 20 5 5 50 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 5 5 42 5 11 21 5 5 53 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 32 53 37 63
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.07 0.00 0.02 0.02
Departure Headway (s) 4.1 4.2 4.2 4.1
Degree Utilization, x 0.04 0.06 0.04 0.07
Capacity (veh/h) 849 842 834 847
Control Delay (s) 7.3 7.4 7.4 7.5
Approach Delay (s) 7.3 7.4 7.4 7.5
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 14.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 30 0 0 200 80 40
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 32 0 0 211 84 42
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 316 105 126
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 316 105 126
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 95 100 100
cM capacity (veh/h) 681 955 1473

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 32 211 126
Volume Left 32 0 0
Volume Right 0 0 42
cSH 681 1473 1700
Volume to Capacity 0.05 0.00 0.07
Queue Length 95th (ft) 4 0 0
Control Delay (s) 10.5 0.0 0.0
Lane LOS B
Approach Delay (s) 10.5 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 20.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 230 240 20 180 210
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 242 253 21 189 221
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 863 263 274
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 863 263 274
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 69 85
cM capacity (veh/h) 280 780 1301

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 263 274 411
Volume Left 21 0 189
Volume Right 242 21 0
cSH 683 1700 1301
Volume to Capacity 0.39 0.16 0.15
Queue Length 95th (ft) 45 0 13
Control Delay (s) 13.5 0.0 4.5
Lane LOS B A
Approach Delay (s) 13.5 0.0 4.5
Approach LOS B

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 60.2% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 200 240 120 120 200 1050 210 90 920 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.89 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1658 1770 1723 1787 3423 1770 3452
Flt Permitted 0.48 1.00 0.23 1.00 0.20 1.00 0.11 1.00
Satd. Flow (perm) 896 1658 421 1723 371 3423 205 3452
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 211 253 126 126 211 1105 221 95 968 116
RTOR Reduction (vph) 0 103 0 0 0 0 0 17 0 0 10 0
Lane Group Flow (vph) 126 192 0 253 252 0 211 1309 0 95 1074 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 1% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Effective Green, g (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Actuated g/C Ratio 0.22 0.15 0.31 0.20 0.47 0.47 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 254 252 279 339 269 1613 160 1546
v/s Ratio Prot 0.03 0.12 c0.10 0.15 0.05 c0.38 0.03 c0.31
v/s Ratio Perm 0.08 c0.18 0.32 0.24
v/c Ratio 0.50 0.76 0.91 0.74 0.78 0.81 0.59 0.69
Uniform Delay, d1 29.6 36.6 26.8 34.0 26.9 20.4 20.0 19.9
Progression Factor 1.14 1.11 1.00 1.00 0.69 0.62 0.64 0.80
Incremental Delay, d2 1.5 12.6 30.5 8.5 10.0 3.2 4.1 1.8
Delay (s) 35.3 53.1 57.3 42.5 28.6 15.8 16.9 17.7
Level of Service D D E D C B B B
Approach Delay (s) 47.8 49.9 17.6 17.6
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 25.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 50 30 190 80 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 53 32 200 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 347 84 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 347 84 84
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 95 98
cM capacity (veh/h) 640 975 1506

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 53 232 84
Volume Left 0 32 0
Volume Right 53 0 0
cSH 975 1506 1700
Volume to Capacity 0.05 0.02 0.05
Queue Length 95th (ft) 4 2 0
Control Delay (s) 8.9 1.2 0.0
Lane LOS A A
Approach Delay (s) 8.9 1.2 0.0
Approach LOS A

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 5 5 200 70 60
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 5 5 211 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 326 105 137
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 326 105 137
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 670 955 1460

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 26 216 137
Volume Left 21 5 0
Volume Right 5 0 63
cSH 712 1460 1700
Volume to Capacity 0.04 0.00 0.08
Queue Length 95th (ft) 3 0 0
Control Delay (s) 10.2 0.2 0.0
Lane LOS B A
Approach Delay (s) 10.2 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 24.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 10 110 30 30 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.95 0.92 0.92 0.95
Hourly flow rate (vph) 11 11 116 33 33 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 280 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 280 16
tC, single (s) 5.0 6.6 7.1
tC, 2 stage (s)
tF (s) 3.0 3.7 4.1
p0 queue free % 90 95 85
cM capacity (veh/h) 1157 611 860

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 22 148 159
Volume Left 0 116 33
Volume Right 11 0 126
cSH 1700 1157 794
Volume to Capacity 0.01 0.10 0.20
Queue Length 95th (ft) 0 8 19
Control Delay (s) 0.0 6.8 10.7
Lane LOS A B
Approach Delay (s) 0.0 6.8 10.7
Approach LOS B

Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 30.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 90 70 70 10 160 50 40 110 30 50 50 130
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 74 74 11 168 53 42 116 32 53 53 137
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 221 147 679 542 111 605 553 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 221 147 679 542 111 605 553 195
tC, single (s) 4.2 4.1 7.3 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 2.2 3.7 4.0 3.3 3.5 4.0 3.3
p0 queue free % 93 99 83 72 97 82 87 84
cM capacity (veh/h) 1313 1447 243 412 940 294 406 844

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 242 232 189 242
Volume Left 95 11 42 53
Volume Right 74 53 32 137
cSH 1313 1447 388 515
Volume to Capacity 0.07 0.01 0.49 0.47
Queue Length 95th (ft) 6 1 65 62
Control Delay (s) 3.5 0.4 22.8 18.1
Lane LOS A A C C
Approach Delay (s) 3.5 0.4 22.8 18.1
Approach LOS C C

Intersection Summary
Average Delay 10.6
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 30 260 210 30 240 330 1010 260 260 1240 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1752 3526 1770 3689 1553
Flt Permitted 0.31 1.00 1.00 0.74 1.00 0.10 1.00 0.11 1.00 1.00
Satd. Flow (perm) 583 1845 1583 1370 1613 187 3526 206 3689 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 84 33 274 228 33 261 347 1063 283 283 1305 116
RTOR Reduction (vph) 0 0 235 0 224 0 0 26 0 0 0 65
Lane Group Flow (vph) 84 33 39 228 70 0 347 1320 0 283 1305 51
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 3% 5% 2% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 16.9 12.9 12.9 19.0 12.7 56.6 39.4 50.0 36.1 36.1
Effective Green, g (s) 16.9 12.9 12.9 19.0 12.7 56.6 39.4 50.0 36.1 36.1
Actuated g/C Ratio 0.19 0.14 0.14 0.21 0.14 0.63 0.44 0.56 0.40 0.40
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 163 264 227 317 228 417 1544 356 1480 623
v/s Ratio Prot 0.02 0.02 c0.05 0.04 c0.16 c0.37 0.12 0.35
v/s Ratio Perm 0.07 0.02 c0.10 0.36 0.32 0.03
v/c Ratio 0.52 0.12 0.17 0.72 0.31 0.83 0.85 0.79 0.88 0.08
Uniform Delay, d1 31.6 33.6 33.9 32.4 34.7 24.3 22.7 21.4 25.0 16.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.02 1.04 1.25 0.61 0.54
Incremental Delay, d2 2.7 0.2 0.4 7.6 0.8 11.3 5.3 9.4 5.3 0.0
Delay (s) 34.3 33.8 34.2 40.0 35.5 36.2 28.9 36.1 20.5 9.1
Level of Service C C C D D D C D C A
Approach Delay (s) 34.2 37.4 30.4 22.4
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 28.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 88.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 770 10 830 0 0 1540 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 1447 1447 1805 3689 3663
Flt Permitted 0.95 1.00 1.00 0.10 1.00 1.00
Satd. Flow (perm) 1703 1447 1447 191 3689 3663
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 811 11 874 0 0 1621 179
RTOR Reduction (vph) 0 0 0 0 287 40 0 0 0 0 7 0
Lane Group Flow (vph) 0 0 0 221 119 365 11 874 0 0 1793 0
Heavy Vehicles (%) 0% 0% 0% 6% 0% 6% 0% 3% 0% 0% 2% 4%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 16.5 16.5 37.7 40.9 39.8 59.9
Effective Green, g (s) 16.5 16.5 37.7 40.9 39.8 59.9
Actuated g/C Ratio 0.18 0.18 0.42 0.45 0.44 0.67
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 312 265 646 107 1631 2438
v/s Ratio Prot c0.13 0.08 c0.13 0.00 0.24 c0.49
v/s Ratio Perm 0.12 0.05
v/c Ratio 0.71 0.45 0.56 0.10 0.54 0.74
Uniform Delay, d1 34.5 32.7 19.9 18.0 18.3 9.9
Progression Factor 1.00 1.00 1.00 0.61 0.52 0.48
Incremental Delay, d2 7.2 1.2 1.1 0.1 0.3 1.2
Delay (s) 41.7 33.9 21.0 11.1 9.8 5.9
Level of Service D C C B A A
Approach Delay (s) 0.0 30.5 9.8 5.9
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 13.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 360 0 40 0 0 0 0 480 450 1070 690 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1753 1942 1583 3433 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1753 1942 1583 3433 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 379 0 42 0 0 0 0 505 474 1126 726 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 0 334 0 0 0
Lane Group Flow (vph) 0 416 0 0 0 0 0 505 140 1126 726 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 3% 2% 2% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 21.0 24.0 24.0 30.0 59.0
Effective Green, g (s) 21.0 24.0 24.0 30.0 59.0
Actuated g/C Ratio 0.23 0.27 0.27 0.33 0.66
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 409 518 422 1144 2442
v/s Ratio Prot c0.24 c0.26 c0.33 0.19
v/s Ratio Perm 0.09
v/c Ratio 1.02 0.97 0.33 0.98 0.30
Uniform Delay, d1 34.5 32.7 26.6 29.8 6.6
Progression Factor 1.00 0.86 0.87 0.80 0.54
Incremental Delay, d2 49.2 30.4 1.8 18.6 0.2
Delay (s) 83.7 58.4 24.9 42.3 3.8
Level of Service F E C D A
Approach Delay (s) 83.7 0.0 42.2 27.2
Approach LOS F A D C

Intersection Summary
HCM Average Control Delay 39.0 HCM Level of Service D
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 93.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 80 850 20 100 640
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 0.99
Satd. Flow (prot) 1639 1840 1843
Flt Permitted 0.99 1.00 0.77
Satd. Flow (perm) 1639 1840 1425
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 84 895 21 105 674
RTOR Reduction (vph) 78 0 1 0 0 0
Lane Group Flow (vph) 27 0 915 0 0 779
Heavy Vehicles (%) 0% 3% 3% 0% 5% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 6.4 73.6 73.6
Effective Green, g (s) 6.4 73.6 73.6
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1505 1165
v/s Ratio Prot c0.02 0.50
v/s Ratio Perm c0.55
v/c Ratio 0.23 0.61 0.67
Uniform Delay, d1 39.5 3.0 3.3
Progression Factor 1.00 0.75 1.21
Incremental Delay, d2 1.0 0.6 2.9
Delay (s) 40.5 2.9 6.9
Level of Service D A A
Approach Delay (s) 40.5 2.9 6.9
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 6.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 103.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 40 5 270 70 10 5 190 370 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1866 1778 1665 1635
Flt Permitted 0.97 0.74 1.00 0.92
Satd. Flow (perm) 1811 1368 1664 1522
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 42 5 284 74 11 5 200 389 11 63 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 67 0 0 0 0
Lane Group Flow (vph) 0 49 0 0 368 0 0 527 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 3% 1% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 28.2 28.2 51.8 51.8
Effective Green, g (s) 28.2 28.2 51.8 51.8
Actuated g/C Ratio 0.31 0.31 0.58 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 567 429 958 876
v/s Ratio Prot
v/s Ratio Perm 0.03 c0.27 c0.32 0.05
v/c Ratio 0.09 0.86 0.55 0.08
Uniform Delay, d1 21.8 29.0 11.9 8.5
Progression Factor 1.00 0.92 0.68 1.08
Incremental Delay, d2 0.1 11.7 2.0 0.2
Delay (s) 21.9 38.2 10.0 9.4
Level of Service C D B A
Approach Delay (s) 21.9 38.2 10.0 9.4
Approach LOS C D B A

Intersection Summary
HCM Average Control Delay 20.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 260 110 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1780 1676
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1388 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 274 116 95
RTOR Reduction (vph) 8 0 0 0 36 0
Lane Group Flow (vph) 634 0 0 358 175 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.5 65.5 14.5
Effective Green, g (s) 65.5 65.5 14.5
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1294 1010 270
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.26
v/c Ratio 0.49 0.35 0.65
Uniform Delay, d1 5.2 4.5 35.4
Progression Factor 1.00 0.33 1.00
Incremental Delay, d2 1.3 0.8 5.3
Delay (s) 6.5 2.3 40.6
Level of Service A A D
Approach Delay (s) 6.5 2.3 40.6
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 420 360 140 110 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 442 379 147 116 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 526 916 453
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 526 916 453
tC, single (s) 4.3 7.4 6.8
tC, 2 stage (s)
tF (s) 2.4 4.4 3.8
p0 queue free % 99 44 99
cM capacity (veh/h) 955 206 503

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 453 526 121
Volume Left 11 0 116
Volume Right 0 147 5
cSH 955 1700 212
Volume to Capacity 0.01 0.31 0.57
Queue Length 95th (ft) 1 0 78
Control Delay (s) 0.3 0.0 42.6
Lane LOS A E
Approach Delay (s) 0.3 0.0 42.6
Approach LOS E

Intersection Summary
Average Delay 4.8
Intersection Capacity Utilization 43.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 160 10 30 170 450 10 260 20 290 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1782 1752 1845 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1782 1752 1845 1583 1818 837 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 168 11 32 179 474 11 274 21 305 95 53
RTOR Reduction (vph) 0 3 0 0 0 393 0 2 0 0 0 20
Lane Group Flow (vph) 42 176 0 32 179 81 0 304 0 305 95 33
Heavy Vehicles (%) 3% 6% 0% 3% 3% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.4 14.1 5.6 15.3 15.3 37.7 55.3 55.3 55.3
Effective Green, g (s) 4.4 14.1 5.6 15.3 15.3 37.7 55.3 55.3 55.3
Actuated g/C Ratio 0.05 0.16 0.06 0.17 0.17 0.42 0.61 0.61 0.61
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 86 279 109 314 269 762 645 1145 973
v/s Ratio Prot 0.02 c0.10 0.02 c0.10 c0.07 0.05
v/s Ratio Perm 0.05 0.17 c0.22 0.02
v/c Ratio 0.49 0.63 0.29 0.57 0.30 0.40 0.47 0.08 0.03
Uniform Delay, d1 41.7 35.5 40.3 34.3 32.7 18.2 9.4 7.0 6.8
Progression Factor 1.06 1.08 1.00 1.00 1.00 1.00 1.51 1.39 2.30
Incremental Delay, d2 4.3 4.4 1.5 2.5 0.6 1.6 0.4 0.1 0.0
Delay (s) 48.7 42.7 41.8 36.8 33.3 19.8 14.6 9.9 15.7
Level of Service D D D D C B B A B
Approach Delay (s) 43.8 34.6 19.8 13.7
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 27.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1320 1630 0 1820 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1389 1716 0 1916 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.60
vC, conflicting volume 3105 2347 695
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3105 1909 695
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 106 37 389

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 695 695 1716 958 958
Volume Left 0 0 0 0 0
Volume Right 0 0 1716 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.01 0.56 0.56
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (veh/h) 10 770 0 760 170 120 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 837 0 826 185 130 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.98 0.00 0.98 0.98
vC, conflicting volume 1011 0 1777 918
vC1, stage 1 conf vol 918
vC2, stage 2 conf vol 859
vCu, unblocked vol 1002 0 1782 908
tC, single (s) 4.1 0.0 7.0 6.2
tC, 2 stage (s) 6.0
tF (s) 2.2 0.0 4.0 3.3
p0 queue free % 98 0 43 97
cM capacity (veh/h) 686 0 228 330

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SW 1
Volume Total 11 837 1011 0 141
Volume Left 11 0 0 0 130
Volume Right 0 0 185 0 11
cSH 686 1700 1700 1700 234
Volume to Capacity 0.02 0.49 0.59 0.00 0.61
Queue Length 95th (ft) 1 0 0 0 88
Control Delay (s) 10.3 0.0 0.0 0.0 41.5
Lane LOS B E
Approach Delay (s) 0.1 0.0 41.5
Approach LOS E

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 64.3% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 820 70 50 350 0 0 0 0 10 0 580
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1552 1770 1827 1805 1335
Flt Permitted 1.00 0.21 1.00 0.95 1.00
Satd. Flow (perm) 1552 388 1827 1805 1335
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 891 76 54 380 0 0 0 0 11 0 630
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 575
Lane Group Flow (vph) 0 965 0 54 380 0 0 0 0 11 0 55
Heavy Vehicles (%) 0% 22% 11% 2% 4% 0% 0% 0% 0% 0% 0% 21%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.6 75.0 75.0 5.0 5.0
Effective Green, g (s) 65.6 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.73 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1131 391 1523 100 74
v/s Ratio Prot c0.62 0.01 c0.21 0.01
v/s Ratio Perm 0.11 c0.04
v/c Ratio 0.85 0.14 0.25 0.11 0.74
Uniform Delay, d1 8.7 9.0 1.6 40.4 41.9
Progression Factor 0.96 0.01 0.01 1.00 1.00
Incremental Delay, d2 8.1 0.1 0.1 0.5 32.4
Delay (s) 16.5 0.2 0.1 40.9 74.3
Level of Service B A A D E
Approach Delay (s) 16.5 0.1 0.0 73.7
Approach LOS B A A E

Intersection Summary
HCM Average Control Delay 31.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 750 80 0 0 160 20 240 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1759 1823 1736 1583
Flt Permitted 0.49 1.00 1.00 0.95 1.00
Satd. Flow (perm) 749 1759 1823 1736 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 815 87 0 0 174 22 261 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 5 0 0 0 81 0 0 0
Lane Group Flow (vph) 815 87 0 0 191 0 261 0 17 0 0 0
Heavy Vehicles (%) 24% 8% 0% 0% 3% 0% 4% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 64.5 64.5 13.8 15.5 15.5
Effective Green, g (s) 64.5 64.5 13.8 15.5 15.5
Actuated g/C Ratio 0.72 0.72 0.15 0.17 0.17
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 896 1261 280 299 273
v/s Ratio Prot c0.46 0.05 0.10
v/s Ratio Perm c0.19 c0.15 0.01
v/c Ratio 0.91 0.07 0.68 0.87 0.06
Uniform Delay, d1 12.6 3.8 36.0 36.3 31.2
Progression Factor 0.71 0.13 1.02 1.00 1.00
Incremental Delay, d2 7.5 0.1 6.5 23.3 0.1
Delay (s) 16.5 0.5 43.4 59.6 31.3
Level of Service B A D E C
Approach Delay (s) 14.9 43.4 51.8 0.0
Approach LOS B D D A

Intersection Summary
HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 170 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 185 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 375 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 375 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 628 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 190 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 692
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.3
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.3
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 110 10 30 10 70 110
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 120 11 33 11 76 120
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 43 288 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 43 288 38
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 89 84 85
cM capacity (veh/h) 1112 479 812

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 130 43 76 120
Volume Left 120 0 76 0
Volume Right 0 11 0 120
cSH 1112 1700 479 812
Volume to Capacity 0.11 0.03 0.16 0.15
Queue Length 95th (ft) 9 0 14 13
Control Delay (s) 8.0 0.0 13.9 10.2
Lane LOS A B B
Approach Delay (s) 8.0 0.0 11.6
Approach LOS B

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 23.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 180 140 170 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 196 152 185 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 337 462 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 337 462 245
tC, single (s) 4.5 6.8 6.8
tC, 2 stage (s)
tF (s) 2.6 3.8 3.8
p0 queue free % 99 93 99
cM capacity (veh/h) 1038 494 671

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 207 337 33 5
Volume Left 11 0 33 0
Volume Right 0 185 0 5
cSH 1038 1700 494 671
Volume to Capacity 0.01 0.20 0.07 0.01
Queue Length 95th (ft) 1 0 5 1
Control Delay (s) 0.5 0.0 12.8 10.4
Lane LOS A B B
Approach Delay (s) 0.5 0.0 12.5
Approach LOS B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 27.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 60 50 50 190 180 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 65 54 54 207 196 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 538 223 250
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 538 223 250
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 87 93 96
cM capacity (veh/h) 487 822 1327

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 65 54 261 250
Volume Left 65 0 54 0
Volume Right 0 54 0 54
cSH 487 822 1327 1700
Volume to Capacity 0.13 0.07 0.04 0.15
Queue Length 95th (ft) 12 5 3 0
Control Delay (s) 13.5 9.7 1.9 0.0
Lane LOS B A A
Approach Delay (s) 11.8 1.9 0.0
Approach LOS B

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
83: Driveway D & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 10 90 370 380 110
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 11 98 402 413 120
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 870 266 533
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 870 266 533
tC, single (s) 7.6 7.1 4.1
tC, 2 stage (s)
tF (s) 3.9 3.4 2.2
p0 queue free % 89 98 91
cM capacity (veh/h) 206 708 1038

Direction, Lane # EB 1 EB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 22 11 232 268 275 257
Volume Left 22 0 98 0 0 0
Volume Right 0 11 0 0 0 120
cSH 206 708 1038 1700 1700 1700
Volume to Capacity 0.11 0.02 0.09 0.16 0.16 0.15
Queue Length 95th (ft) 9 1 8 0 0 0
Control Delay (s) 24.5 10.2 4.2 0.0 0.0 0.0
Lane LOS C B A
Approach Delay (s) 19.7 2.0 0.0
Approach LOS C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 40.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 80 30 20 20 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 87 33 22 22 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 152 43
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 152 43
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 97 99
cM capacity (veh/h) 1564 838 1033

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 98 54 27
Volume Left 11 0 22
Volume Right 0 22 5
cSH 1564 1700 871
Volume to Capacity 0.01 0.03 0.03
Queue Length 95th (ft) 1 0 2
Control Delay (s) 0.9 0.0 9.3
Lane LOS A A
Approach Delay (s) 0.9 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 21.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 390 10 20 30 690 280 10 10 160 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1659 1805 1819 1770 3523 1805 3426
Flt Permitted 0.72 1.00 0.38 1.00 0.62 1.00 0.57 1.00
Satd. Flow (perm) 1346 1659 724 1819 1155 3523 1074 3426
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 411 11 21 32 726 295 11 11 168 42
RTOR Reduction (vph) 0 363 0 0 28 0 0 2 0 0 16 0
Lane Group Flow (vph) 53 59 0 11 25 0 726 304 0 11 194 0
Heavy Vehicles (%) 2% 0% 3% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 10.5 10.5 10.5 10.5 69.5 61.4 46.9 43.8
Effective Green, g (s) 10.5 10.5 10.5 10.5 69.5 61.4 46.9 43.8
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.77 0.68 0.52 0.49
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 194 84 212 1033 2403 585 1667
v/s Ratio Prot 0.04 0.01 c0.16 0.09 0.00 0.06
v/s Ratio Perm c0.04 0.02 c0.38 0.01
v/c Ratio 0.34 0.30 0.13 0.12 0.70 0.13 0.02 0.12
Uniform Delay, d1 36.6 36.4 35.7 35.6 6.3 5.0 10.4 12.6
Progression Factor 1.00 1.00 1.00 1.00 0.51 0.88 1.00 1.00
Incremental Delay, d2 1.3 0.9 0.7 0.2 1.8 0.1 0.0 0.1
Delay (s) 37.8 37.3 36.4 35.8 5.0 4.5 10.4 12.7
Level of Service D D D D A A B B
Approach Delay (s) 37.4 35.9 4.9 12.6
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 490 50 320 920 400 50 860 220 320 910 150
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3519 1583 1770 3654 1583 1770 3689 1568 3400 3435
Flt Permitted 0.16 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 297 3519 1583 649 3654 1583 1770 3689 1568 3400 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 516 53 337 968 421 53 905 232 337 958 158
RTOR Reduction (vph) 0 0 38 0 0 233 0 0 156 0 14 0
Lane Group Flow (vph) 189 516 15 337 968 188 53 905 76 337 1102 0
Heavy Vehicles (%) 2% 8% 2% 2% 4% 2% 2% 3% 3% 3% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 32.3 25.1 25.1 33.7 25.8 25.8 3.9 29.0 29.0 11.3 36.4
Effective Green, g (s) 32.3 25.1 25.1 33.7 25.8 25.8 3.9 29.0 29.0 11.3 36.4
Actuated g/C Ratio 0.36 0.28 0.28 0.37 0.29 0.29 0.04 0.32 0.32 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 224 981 441 341 1047 454 77 1189 505 427 1389
v/s Ratio Prot 0.07 0.15 c0.09 0.26 c0.03 0.25 0.10 c0.32
v/s Ratio Perm 0.23 0.01 c0.28 0.12 0.05
v/c Ratio 0.84 0.53 0.03 0.99 0.92 0.42 0.69 0.76 0.15 0.79 0.79
Uniform Delay, d1 23.0 27.4 23.6 25.9 31.2 26.0 42.5 27.4 21.7 38.2 23.5
Progression Factor 1.34 0.66 0.39 1.33 1.15 1.93 0.74 0.56 0.30 1.00 1.00
Incremental Delay, d2 23.6 2.0 0.1 37.1 11.0 1.9 14.2 1.8 0.1 9.4 3.2
Delay (s) 54.4 20.0 9.4 71.6 46.9 52.1 45.5 17.1 6.7 47.6 26.7
Level of Service D C A E D D D B A D C
Approach Delay (s) 27.8 53.0 16.3 31.5
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 34.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 83.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 1020 30 40 1640 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3425 3489 1719 1637 1770 1697
Flt Permitted 0.93 0.89 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3176 3120 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1074 32 42 1726 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 1 0 0 1 0 0 47 0 0 24 0
Lane Group Flow (vph) 0 1116 0 0 1809 0 21 17 0 105 29 0
Heavy Vehicles (%) 0% 5% 3% 3% 3% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2470 2427 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.35 c0.58 0.02 c0.08
v/c Ratio 0.45 0.75 0.13 0.09 0.64 0.14
Uniform Delay, d1 3.4 5.3 35.2 35.0 37.6 35.3
Progression Factor 0.44 1.23 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.5 0.4 0.2 8.4 0.3
Delay (s) 2.0 8.0 35.6 35.2 46.1 35.6
Level of Service A A D D D D
Approach Delay (s) 2.0 8.0 35.3 42.6
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 95.1% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1150 10 30 1750 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3435 3490 1805 1605 1752 1713
Flt Permitted 0.89 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3045 3176 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1211 11 32 1842 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 1 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 1242 0 0 1915 0 11 7 0 42 13 0
Heavy Vehicles (%) 0% 5% 0% 3% 3% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 73.8 73.8 7.2 7.2 7.2 7.2
Effective Green, g (s) 73.8 73.8 7.2 7.2 7.2 7.2
Actuated g/C Ratio 0.82 0.82 0.08 0.08 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2497 2604 112 128 109 137
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.41 c0.60 0.01 c0.03
v/c Ratio 0.50 0.74 0.10 0.05 0.39 0.09
Uniform Delay, d1 2.5 3.7 38.4 38.2 39.3 38.4
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 1.1 0.4 0.2 2.3 0.3
Delay (s) 1.6 4.8 38.8 38.4 41.6 38.7
Level of Service A A D D D D
Approach Delay (s) 1.6 4.8 38.5 40.3
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 87.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 800 250 380 1510 1280 200 550 160 730 720 180
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3585 1583 1770 3689 1583 1770 3725 1583 3433 3539 1553
Flt Permitted 0.10 1.00 1.00 0.16 1.00 1.00 0.28 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 177 3585 1583 296 3689 1583 514 3725 1583 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 842 263 400 1589 1347 211 579 168 768 758 189
RTOR Reduction (vph) 0 0 119 0 0 227 0 0 116 0 0 93
Lane Group Flow (vph) 158 842 144 400 1589 1120 211 579 52 768 758 96
Heavy Vehicles (%) 4% 6% 2% 2% 3% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 47.4 41.4 41.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Effective Green, g (s) 47.4 41.4 41.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Actuated g/C Ratio 0.39 0.34 0.34 0.58 0.48 0.48 0.19 0.12 0.12 0.15 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 148 1237 546 449 1783 765 187 450 191 529 723 317
v/s Ratio Prot 0.05 0.23 c0.17 0.43 0.08 c0.16 0.03 c0.22 0.21
v/s Ratio Perm 0.37 0.09 0.35 c0.71 0.14 0.06
v/c Ratio 1.07 0.68 0.26 0.89 0.89 1.46 1.13 1.29 0.27 1.45 1.05 0.30
Uniform Delay, d1 31.8 33.6 28.3 26.5 28.1 31.0 46.8 52.8 48.0 50.7 47.8 40.5
Progression Factor 1.00 1.00 1.00 0.92 0.96 0.97 0.90 0.89 0.77 1.00 1.00 1.00
Incremental Delay, d2 93.1 3.0 1.2 5.8 2.0 210.8 101.2 143.5 0.3 213.7 46.9 0.2
Delay (s) 124.9 36.7 29.5 30.1 29.0 240.9 143.1 190.6 37.2 264.5 94.6 40.7
Level of Service F D C C C F F F D F F D
Approach Delay (s) 46.2 114.7 153.2 164.7
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 119.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.43
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 116.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 730 150 1380 310 10 2440
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1599 3654 1568 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.11 1.00
Satd. Flow (perm) 3433 1599 3654 1568 213 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 753 155 1453 326 11 2568
RTOR Reduction (vph) 0 78 0 43 0 0
Lane Group Flow (vph) 753 78 1453 283 11 2568
Heavy Vehicles (%) 2% 1% 4% 3% 0% 2%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 27.0 27.0 77.2 104.2 83.0 83.0
Effective Green, g (s) 27.0 27.0 77.2 104.2 83.0 83.0
Actuated g/C Ratio 0.22 0.22 0.64 0.87 0.69 0.69
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 772 360 2351 1427 158 2576
v/s Ratio Prot c0.22 0.40 0.04 0.00 c0.69
v/s Ratio Perm 0.05 0.14 0.05
v/c Ratio 0.98 0.22 0.62 0.20 0.07 1.00
Uniform Delay, d1 46.2 37.9 12.7 1.3 10.0 18.4
Progression Factor 1.00 1.00 0.19 0.91 0.97 0.52
Incremental Delay, d2 26.2 0.3 0.1 0.0 0.1 13.1
Delay (s) 72.3 38.2 2.5 1.2 9.8 22.7
Level of Service E D A A A C
Approach Delay (s) 66.5 2.3 22.6
Approach LOS E A C

Intersection Summary
HCM Average Control Delay 23.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2110 190 780 1990 60 210 20 860 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2221 200 821 2095 63 221 21 905 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 18 0 0 0 0 0 38
Lane Group Flow (vph) 63 2221 123 821 2095 45 221 21 905 63 21 4
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 210 948 145 210 165
v/s Ratio Prot 0.04 c0.60 c0.24 0.57 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.76 1.05 0.14 1.25 0.79 0.04 1.52 0.10 0.95 0.43 0.10 0.03
Uniform Delay, d1 56.5 25.6 11.8 48.5 11.0 4.9 53.7 48.6 38.7 50.4 48.6 48.2
Progression Factor 0.83 0.60 0.08 1.08 1.01 1.07 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 27.8 33.8 0.3 112.7 0.2 0.0 267.7 0.1 18.9 0.8 0.1 0.0
Delay (s) 74.9 49.1 1.2 164.9 11.4 5.3 321.4 48.6 57.6 51.1 48.6 48.2
Level of Service E D A F B A F D E D D D
Approach Delay (s) 45.9 53.6 108.2 49.7
Approach LOS D D F D

Intersection Summary
HCM Average Control Delay 60.0 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.0% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 650 1250 0 0 0 0 150 0 1550
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2760
Flt Permitted 1.00 0.23 1.00 0.95 1.00
Satd. Flow (perm) 3486 418 3725 1770 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 684 1316 0 0 0 0 158 0 1632
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3152 0 684 1316 0 0 0 0 158 0 1632
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 68.0 44.5 44.5 10.0 60.5
Effective Green, g (s) 68.0 44.5 44.5 10.0 60.5
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1975 452 1381 148 1507
v/s Ratio Prot c0.90 c0.34 0.35 0.09 c0.46
v/s Ratio Perm 0.22 0.14
v/c Ratio 1.60 1.51 0.95 1.07 1.08
Uniform Delay, d1 26.0 34.3 36.7 55.0 29.8
Progression Factor 0.76 0.94 0.90 1.00 1.00
Incremental Delay, d2 268.3 238.7 10.9 93.1 49.2
Delay (s) 288.0 270.8 43.9 148.1 78.9
Level of Service F F D F E
Approach Delay (s) 288.0 121.5 0.0 85.0
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 187.8 HCM Level of Service F
HCM Volume to Capacity ratio 1.49
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 140.1% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1550 0 0 1800 570 100 0 400 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1632 0 0 1895 600 105 0 421 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 82 0 0 0 0 0 0
Lane Group Flow (vph) 0 1632 0 0 1895 518 105 211 210 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.2 86.2 86.2 23.8 23.8 23.8
Effective Green, g (s) 86.2 86.2 86.2 23.8 23.8 23.8
Actuated g/C Ratio 0.72 0.72 0.72 0.20 0.20 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2676 2542 1105 338 279 279
v/s Ratio Prot 0.44 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.61 0.75 0.47 0.31 0.76 0.75
Uniform Delay, d1 8.5 10.2 7.2 41.1 45.4 45.3
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.2 0.3 0.5 11.1 10.9
Delay (s) 3.3 11.5 7.5 41.6 56.5 56.2
Level of Service A B A D E E
Approach Delay (s) 3.3 10.5 53.4 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 240 480 440 160 380 940
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.38 1.00
Satd. Flow (perm) 1770 1583 3398 700 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 253 505 463 168 400 989
RTOR Reduction (vph) 0 407 18 0 0 0
Lane Group Flow (vph) 253 98 613 0 400 989
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 23.2 23.2 68.9 86.8 86.8
Effective Green, g (s) 23.2 23.2 68.9 86.8 86.8
Actuated g/C Ratio 0.19 0.19 0.57 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 306 1951 621 2560
v/s Ratio Prot c0.14 0.18 c0.07 0.28
v/s Ratio Perm 0.06 c0.40
v/c Ratio 0.74 0.32 0.31 0.64 0.39
Uniform Delay, d1 45.6 41.6 13.3 13.7 6.4
Progression Factor 1.00 1.00 1.00 1.27 1.65
Incremental Delay, d2 8.1 0.6 0.4 1.1 0.2
Delay (s) 53.7 42.2 13.7 18.6 10.7
Level of Service D D B B B
Approach Delay (s) 46.0 13.7 13.0
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 330 170 300 230 30 40 90 20 180 150 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1524 3400 3457 1752 3167 1615 1671 3374 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1524 3400 3457 1752 3167 1615 1671 3374 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 347 179 316 242 32 42 95 21 189 158 632
RTOR Reduction (vph) 0 0 151 0 13 0 0 0 17 0 0 393
Lane Group Flow (vph) 21 347 28 316 261 0 42 95 4 189 158 239
Heavy Vehicles (%) 0% 2% 6% 3% 2% 7% 3% 14% 0% 8% 7% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 2.2 14.0 14.0 16.6 28.4 5.3 16.5 16.5 22.9 34.1 34.1
Effective Green, g (s) 2.2 14.0 14.0 16.6 28.4 5.3 16.5 16.5 22.9 34.1 34.1
Actuated g/C Ratio 0.02 0.16 0.16 0.18 0.32 0.06 0.18 0.18 0.25 0.38 0.38
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 44 551 237 627 1091 103 581 296 425 1278 594
v/s Ratio Prot 0.01 c0.10 c0.09 0.08 0.02 0.03 c0.11 0.05
v/s Ratio Perm 0.02 0.00 c0.15
v/c Ratio 0.48 0.63 0.12 0.50 0.24 0.41 0.16 0.01 0.44 0.12 0.40
Uniform Delay, d1 43.3 35.6 32.7 33.0 22.8 40.8 30.9 30.1 28.2 18.2 20.5
Progression Factor 1.00 1.00 1.00 0.89 0.85 0.93 0.96 0.96 1.58 0.35 2.27
Incremental Delay, d2 7.9 2.3 0.2 0.6 0.1 2.6 0.6 0.1 0.4 0.1 1.0
Delay (s) 51.3 37.8 32.9 29.9 19.5 40.7 30.4 29.1 44.9 6.4 47.4
Level of Service D D C C B D C C D A D
Approach Delay (s) 36.7 25.1 32.9 40.3
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 35.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 62.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 5 0 30 5 5 50 0 5 20 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 5 0 32 5 5 53 0 5 21 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 63 37 58 32
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) 0.00 -0.04 0.05 -0.01
Departure Headway (s) 4.1 4.1 4.2 4.2
Degree Utilization, x 0.07 0.04 0.07 0.04
Capacity (veh/h) 848 849 827 838
Control Delay (s) 7.5 7.3 7.5 7.3
Approach Delay (s) 7.5 7.3 7.5 7.3
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 17.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 0 0 120 160 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 0 0 126 168 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 311 184 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 311 184 200
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 100 100
cM capacity (veh/h) 682 863 1384

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 53 126 200
Volume Left 53 0 0
Volume Right 0 0 32
cSH 682 1384 1700
Volume to Capacity 0.08 0.00 0.12
Queue Length 95th (ft) 6 0 0
Control Delay (s) 10.7 0.0 0.0
Lane LOS B
Approach Delay (s) 10.7 0.0 0.0
Approach LOS B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 20.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 280 190 10 190 230
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 295 200 11 200 242
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 847 205 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 847 205 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 65 85
cM capacity (veh/h) 286 840 1372

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 305 211 442
Volume Left 11 0 200
Volume Right 295 11 0
cSH 788 1700 1372
Volume to Capacity 0.39 0.12 0.15
Queue Length 95th (ft) 46 0 13
Control Delay (s) 12.4 0.0 4.4
Lane LOS B A
Approach Delay (s) 12.4 0.0 4.4
Approach LOS B

Intersection Summary
Average Delay 6.0
Intersection Capacity Utilization 61.1% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 140 170 170 140 90 220 950 280 130 940 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.94 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1726 1770 1764 1805 3393 1770 3449
Flt Permitted 0.52 1.00 0.21 1.00 0.18 1.00 0.11 1.00
Satd. Flow (perm) 964 1726 384 1764 350 3393 213 3449
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 147 179 179 147 95 232 1000 295 137 989 126
RTOR Reduction (vph) 0 49 0 0 0 0 0 31 0 0 11 0
Lane Group Flow (vph) 137 277 0 179 242 0 232 1264 0 137 1104 0
Heavy Vehicles (%) 2% 1% 1% 2% 1% 2% 0% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 21.8 15.8 29.0 19.4 40.0 40.0 39.6 39.6
Effective Green, g (s) 21.8 15.8 29.0 19.4 40.0 40.0 39.6 39.6
Actuated g/C Ratio 0.24 0.18 0.32 0.22 0.44 0.44 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 287 303 272 380 236 1508 173 1518
v/s Ratio Prot 0.03 c0.16 c0.07 0.14 0.05 c0.37 0.04 c0.32
v/s Ratio Perm 0.08 0.14 c0.38 0.31
v/c Ratio 0.48 0.92 0.66 0.64 0.98 0.84 0.79 0.73
Uniform Delay, d1 28.0 36.4 24.4 32.1 29.2 22.1 20.9 20.8
Progression Factor 1.15 1.09 1.00 1.00 1.00 1.00 0.80 0.85
Incremental Delay, d2 1.3 30.5 5.7 3.5 53.5 5.7 13.4 1.8
Delay (s) 33.6 70.4 30.0 35.6 82.7 27.9 30.1 19.5
Level of Service C E C D F C C B
Approach Delay (s) 59.5 33.2 36.2 20.6
Approach LOS E C D C

Intersection Summary
HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 20 50 130 160 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 21 53 137 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 411 168 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 411 168 168
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 98 96
cM capacity (veh/h) 579 881 1409

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 21 189 168
Volume Left 0 53 0
Volume Right 21 0 0
cSH 881 1409 1700
Volume to Capacity 0.02 0.04 0.10
Queue Length 95th (ft) 2 3 0
Control Delay (s) 9.2 2.4 0.0
Lane LOS A A
Approach Delay (s) 9.2 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 31.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 5 5 120 170 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 5 5 126 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 195 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 195 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 99 100
cM capacity (veh/h) 661 852 1372

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 58 132 211
Volume Left 53 5 0
Volume Right 5 0 32
cSH 674 1372 1700
Volume to Capacity 0.09 0.00 0.12
Queue Length 95th (ft) 7 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 20.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 30 120 40 20 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.95 0.92 0.92 0.95
Hourly flow rate (vph) 22 33 126 43 22 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 334 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 334 38
tC, single (s) 5.0 6.7 7.2
tC, 2 stage (s)
tF (s) 3.0 3.8 4.2
p0 queue free % 89 96 84
cM capacity (veh/h) 1124 532 812

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 54 170 148
Volume Left 0 126 22
Volume Right 33 0 126
cSH 1700 1124 754
Volume to Capacity 0.03 0.11 0.20
Queue Length 95th (ft) 0 9 18
Control Delay (s) 0.0 6.7 10.9
Lane LOS A B
Approach Delay (s) 0.0 6.7 10.9
Approach LOS B

Intersection Summary
Average Delay 7.4
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 130 120 70 30 130 20 90 50 10 20 100 120
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 137 126 74 32 137 21 95 53 11 21 105 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 158 200 826 658 163 684 684 147
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 158 200 826 658 163 684 684 147
tC, single (s) 4.1 4.1 8.0 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 4.3 4.0 3.3 3.5 4.0 3.4
p0 queue free % 90 98 23 84 99 93 68 86
cM capacity (veh/h) 1404 1366 124 339 887 290 328 886

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 337 189 158 253
Volume Left 137 32 95 21
Volume Right 74 21 11 126
cSH 1404 1366 169 472
Volume to Capacity 0.10 0.02 0.93 0.54
Queue Length 95th (ft) 8 2 176 78
Control Delay (s) 3.7 1.4 107.2 21.1
Lane LOS A A F C
Approach Delay (s) 3.7 1.4 107.2 21.1
Approach LOS F C

Intersection Summary
Average Delay 25.4
Intersection Capacity Utilization 62.8% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
20: W 188th Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 110 30 310 270 30 290 280 1410 240 240 1120 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3582 1770 3689 1524
Flt Permitted 0.29 1.00 1.00 0.72 1.00 0.12 1.00 0.08 1.00 1.00
Satd. Flow (perm) 548 1845 1583 1341 1608 222 3582 141 3689 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 116 33 326 293 33 315 295 1484 261 261 1179 105
RTOR Reduction (vph) 0 0 260 0 206 0 0 13 0 0 0 48
Lane Group Flow (vph) 116 33 66 293 142 0 295 1732 0 261 1179 57
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 4% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 19.3 13.6 13.6 22.4 13.9 73.6 56.1 67.2 52.9 52.9
Effective Green, g (s) 19.3 13.6 13.6 22.4 13.9 73.6 56.1 67.2 52.9 52.9
Actuated g/C Ratio 0.18 0.12 0.12 0.20 0.13 0.67 0.51 0.61 0.48 0.48
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 159 228 196 306 203 395 1827 298 1774 733
v/s Ratio Prot 0.04 0.02 c0.07 0.09 c0.12 c0.48 0.11 0.32
v/s Ratio Perm 0.09 0.04 c0.12 0.38 0.42 0.04
v/c Ratio 0.73 0.14 0.34 0.96 0.70 0.75 0.95 0.88 0.66 0.08
Uniform Delay, d1 41.3 43.0 44.1 42.6 46.0 21.9 25.6 33.4 21.8 15.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.15 0.77 1.00 1.00 1.00
Incremental Delay, d2 15.4 0.3 1.0 39.7 10.0 5.4 9.2 23.7 1.0 0.0
Delay (s) 56.7 43.3 45.1 82.3 56.1 30.7 28.8 57.1 22.7 15.4
Level of Service E D D F E C C E C B
Approach Delay (s) 47.8 68.1 29.1 28.0
Approach LOS D E C C

Intersection Summary
HCM Average Control Delay 35.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 99.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 380 0 1190 30 740 0 0 1310 390
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1475 1475 1687 3725 3562
Flt Permitted 0.95 1.00 1.00 0.12 1.00 1.00
Satd. Flow (perm) 1752 1475 1475 205 3725 3562
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 400 0 1253 32 779 0 0 1379 411
RTOR Reduction (vph) 0 0 0 0 386 14 0 0 0 0 23 0
Lane Group Flow (vph) 0 0 0 400 241 612 32 779 0 0 1767 0
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 7% 2% 0% 0% 3% 3%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 28.9 28.9 62.9 37.9 34.6 65.3
Effective Green, g (s) 28.9 28.9 62.9 37.9 34.6 65.3
Actuated g/C Ratio 0.26 0.26 0.57 0.34 0.31 0.59
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 460 388 877 115 1172 2115
v/s Ratio Prot c0.23 0.16 c0.22 0.01 0.21 c0.50
v/s Ratio Perm 0.20 0.09
v/c Ratio 0.87 0.62 0.70 0.28 0.66 0.84
Uniform Delay, d1 38.7 35.7 16.8 48.8 32.7 18.0
Progression Factor 1.00 1.00 1.00 1.36 0.56 0.57
Incremental Delay, d2 15.9 3.1 2.4 0.8 1.9 2.9
Delay (s) 54.7 38.8 19.2 67.3 20.3 13.2
Level of Service D D B E C B
Approach Delay (s) 0.0 35.2 22.1 13.2
Approach LOS A D C B

Intersection Summary
HCM Average Control Delay 23.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 0 20 0 0 0 0 600 250 840 850 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1694 1961 1568 3367 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1694 1961 1568 3367 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 0 21 0 0 0 0 632 263 884 895 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 152 0 0 0
Lane Group Flow (vph) 0 207 0 0 0 0 0 632 111 884 895 0
Heavy Vehicles (%) 6% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 16.5 46.5 46.5 32.0 83.5
Effective Green, g (s) 16.5 46.5 46.5 32.0 83.5
Actuated g/C Ratio 0.15 0.42 0.42 0.29 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 254 829 663 979 2828
v/s Ratio Prot c0.12 c0.32 c0.26 0.24
v/s Ratio Perm 0.07
v/c Ratio 0.81 0.76 0.17 0.90 0.32
Uniform Delay, d1 45.3 27.0 19.7 37.5 4.2
Progression Factor 1.00 0.93 1.34 0.90 0.72
Incremental Delay, d2 17.7 5.8 0.5 6.7 0.2
Delay (s) 63.0 31.1 26.9 40.6 3.2
Level of Service E C C D A
Approach Delay (s) 63.0 0.0 29.8 21.8
Approach LOS E A C C

Intersection Summary
HCM Average Control Delay 27.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 85.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 140 710 20 60 810
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1613 1857 1850
Flt Permitted 0.99 1.00 0.91
Satd. Flow (perm) 1613 1857 1682
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 147 747 21 63 853
RTOR Reduction (vph) 135 0 1 0 0 0
Lane Group Flow (vph) 44 0 767 0 0 916
Heavy Vehicles (%) 3% 4% 2% 0% 7% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 8.9 91.1 91.1
Effective Green, g (s) 8.9 91.1 91.1
Actuated g/C Ratio 0.08 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 131 1538 1393
v/s Ratio Prot c0.03 0.41
v/s Ratio Perm c0.54
v/c Ratio 0.34 0.50 0.66
Uniform Delay, d1 47.8 2.8 3.6
Progression Factor 1.00 1.00 1.23
Incremental Delay, d2 1.5 0.3 2.4
Delay (s) 49.3 3.0 6.7
Level of Service D A A
Approach Delay (s) 49.3 3.0 6.7
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 107.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 90 10 370 30 10 10 110 300 10 170 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.90 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1857 1764 1630 1805
Flt Permitted 1.00 0.67 0.99 0.97
Satd. Flow (perm) 1857 1241 1620 1763
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 95 11 389 32 11 11 116 316 11 179 5
RTOR Reduction (vph) 0 4 0 0 1 0 0 98 0 0 1 0
Lane Group Flow (vph) 0 102 0 0 431 0 0 345 0 0 194 0
Heavy Vehicles (%) 0% 1% 0% 3% 0% 0% 0% 9% 4% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 47.6 47.6
Effective Green, g (s) 32.4 32.4 47.6 47.6
Actuated g/C Ratio 0.36 0.36 0.53 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 669 447 857 932
v/s Ratio Prot 0.05
v/s Ratio Perm c0.35 c0.21 0.11
v/c Ratio 0.15 0.96 0.40 0.21
Uniform Delay, d1 19.5 28.2 12.7 11.2
Progression Factor 1.00 1.00 0.80 1.32
Incremental Delay, d2 0.1 33.1 1.3 0.5
Delay (s) 19.6 61.3 11.4 15.3
Level of Service B E B B
Approach Delay (s) 19.6 61.3 11.4 15.3
Approach LOS B E B B

Intersection Summary
HCM Average Control Delay 31.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1715
Flt Permitted 1.00 0.85 0.97
Satd. Flow (perm) 1755 1577 1715
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 95
RTOR Reduction (vph) 13 0 0 0 27 0
Lane Group Flow (vph) 471 0 0 579 226 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.1 63.1 16.9
Effective Green, g (s) 63.1 63.1 16.9
Actuated g/C Ratio 0.70 0.70 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1230 1106 322
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.70
Uniform Delay, d1 5.5 6.4 34.2
Progression Factor 1.00 0.50 1.00
Incremental Delay, d2 0.9 1.2 6.8
Delay (s) 6.4 4.4 41.0
Level of Service A A D
Approach Delay (s) 6.4 4.4 41.0
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 400 420 130 140 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 421 442 137 147 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 953 511
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 953 511
tC, single (s) 4.5 7.2 6.5
tC, 2 stage (s)
tF (s) 2.6 4.2 3.6
p0 queue free % 99 29 98
cM capacity (veh/h) 832 206 511

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 432 579 158
Volume Left 11 0 147
Volume Right 0 137 11
cSH 832 1700 215
Volume to Capacity 0.01 0.34 0.73
Queue Length 95th (ft) 1 0 123
Control Delay (s) 0.4 0.0 57.4
Lane LOS A F
Approach Delay (s) 0.4 0.0 57.4
Approach LOS F

Intersection Summary
Average Delay 7.9
Intersection Capacity Utilization 45.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 170 20 30 210 330 10 130 30 420 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1805 1752 1827 1583 1798 1770 1863 1568
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.53 1.00 1.00
Satd. Flow (perm) 1805 1805 1752 1827 1583 1768 995 1863 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 179 21 32 221 347 11 137 32 442 211 32
RTOR Reduction (vph) 0 5 0 0 0 275 0 8 0 0 0 13
Lane Group Flow (vph) 21 195 0 32 221 72 0 172 0 442 211 19
Heavy Vehicles (%) 0% 4% 0% 3% 4% 2% 0% 3% 3% 2% 2% 3%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 3.1 15.4 6.5 18.8 18.8 31.9 53.1 53.1 53.1
Effective Green, g (s) 3.1 15.4 6.5 18.8 18.8 31.9 53.1 53.1 53.1
Actuated g/C Ratio 0.03 0.17 0.07 0.21 0.21 0.35 0.59 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 309 127 382 331 627 727 1099 925
v/s Ratio Prot 0.01 c0.11 0.02 c0.12 c0.11 0.11
v/s Ratio Perm 0.05 0.10 c0.25 0.01
v/c Ratio 0.34 0.63 0.25 0.58 0.22 0.27 0.61 0.19 0.02
Uniform Delay, d1 42.4 34.7 39.5 32.0 29.5 20.8 10.9 8.5 7.7
Progression Factor 1.14 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.2 4.2 1.0 2.1 0.3 1.1 1.4 0.4 0.0
Delay (s) 51.6 38.0 40.5 34.2 29.8 21.9 12.3 8.9 7.7
Level of Service D D D C C C B A A
Approach Delay (s) 39.3 32.0 21.9 11.1
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 23.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1550 1320 0 1900 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1632 1389 0 2000 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.60
vC, conflicting volume 3021 2632 816
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3021 2388 816
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 115 18 324

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 816 816 1389 1000 1000
Volume Left 0 0 0 0 0
Volume Right 0 0 1389 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.48 0.48 0.82 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 85.1% ICU Level of Service E
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (veh/h) 5 820 0 830 140 200 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 891 0 902 152 217 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 1054 0 1880 978
vC1, stage 1 conf vol 978
vC2, stage 2 conf vol 902
vCu, unblocked vol 1054 0 1880 978
tC, single (s) 4.1 0.0 6.6 6.2
tC, 2 stage (s) 5.6
tF (s) 2.2 0.0 3.7 3.3
p0 queue free % 99 0 12 98
cM capacity (veh/h) 668 0 247 306

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SW 1
Volume Total 5 891 1054 0 223
Volume Left 5 0 0 0 217
Volume Right 0 0 152 0 5
cSH 668 1700 1700 1700 248
Volume to Capacity 0.01 0.52 0.62 0.00 0.90
Queue Length 95th (ft) 1 0 0 0 193
Control Delay (s) 10.4 0.0 0.0 0.0 76.8
Lane LOS B F
Approach Delay (s) 0.1 0.0 76.8
Approach LOS F

Intersection Summary
Average Delay 7.9
Intersection Capacity Utilization 70.2% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 770 240 120 170 0 0 0 0 10 0 800
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1572 1752 1727 1805 1282
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 1572 210 1727 1805 1282
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 837 261 130 185 0 0 0 0 11 0 870
RTOR Reduction (vph) 0 9 0 0 0 0 0 0 0 0 0 656
Lane Group Flow (vph) 0 1089 0 130 185 0 0 0 0 11 0 214
Heavy Vehicles (%) 0% 21% 4% 3% 10% 0% 0% 0% 0% 0% 0% 26%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 3 6
Actuated Green, G (s) 86.0 99.0 99.0 11.0 24.0
Effective Green, g (s) 86.0 99.0 99.0 11.0 24.0
Actuated g/C Ratio 0.72 0.82 0.82 0.09 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1127 276 1425 165 256
v/s Ratio Prot c0.69 0.03 0.11 0.01
v/s Ratio Perm 0.36 c0.17
v/c Ratio 0.97 0.47 0.13 0.07 0.84
Uniform Delay, d1 15.7 17.8 2.1 49.8 46.1
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 19.8 1.3 0.0 0.2 20.4
Delay (s) 35.4 19.1 2.1 50.0 66.5
Level of Service D B A D E
Approach Delay (s) 35.4 9.1 0.0 66.3
Approach LOS D A A E

Intersection Summary
HCM Average Control Delay 43.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 670 110 0 0 210 20 80 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1810 1796 1597 1583
Flt Permitted 0.47 1.00 1.00 0.95 1.00
Satd. Flow (perm) 725 1810 1796 1597 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 728 120 0 0 228 22 87 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 4 0 0 0 49 0 0 0
Lane Group Flow (vph) 728 120 0 0 246 0 87 0 5 0 0 0
Heavy Vehicles (%) 24% 5% 0% 0% 5% 0% 13% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 71.0 71.0 22.3 9.0 9.0
Effective Green, g (s) 71.0 71.0 22.3 9.0 9.0
Actuated g/C Ratio 0.79 0.79 0.25 0.10 0.10
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 927 1428 445 160 158
v/s Ratio Prot c0.38 0.07 0.14
v/s Ratio Perm c0.24 c0.05 0.00
v/c Ratio 0.79 0.08 0.55 0.54 0.03
Uniform Delay, d1 8.6 2.1 29.5 38.5 36.6
Progression Factor 1.00 1.00 1.21 1.00 1.00
Incremental Delay, d2 4.4 0.1 1.4 3.7 0.1
Delay (s) 13.0 2.3 37.2 42.3 36.7
Level of Service B A D D D
Approach Delay (s) 11.5 37.2 40.1 0.0
Approach LOS B D D A

Intersection Summary
HCM Average Control Delay 19.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 220 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 239 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 429 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 429 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 584 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 245 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 656
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 25.6% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 130 20 30 80 50 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 141 22 33 87 54 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 380 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 380 76
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 86 87 83
cM capacity (veh/h) 1032 404 769

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 163 120 54 130
Volume Left 141 0 54 0
Volume Right 0 87 0 130
cSH 1032 1700 404 769
Volume to Capacity 0.14 0.07 0.13 0.17
Queue Length 95th (ft) 12 0 12 15
Control Delay (s) 8.0 0.0 15.3 10.6
Lane LOS A C B
Approach Delay (s) 8.0 0.0 12.0
Approach LOS B

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 24.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 160 210 130 150 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 174 228 141 163 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 370 495 299
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 370 495 299
tC, single (s) 4.5 6.5 6.6
tC, 2 stage (s)
tF (s) 2.6 3.6 3.7
p0 queue free % 99 69 98
cM capacity (veh/h) 1008 521 659

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 185 370 163 11
Volume Left 11 0 163 0
Volume Right 0 141 0 11
cSH 1008 1700 521 659
Volume to Capacity 0.01 0.22 0.31 0.02
Queue Length 95th (ft) 1 0 33 1
Control Delay (s) 0.6 0.0 15.0 10.6
Lane LOS A C B
Approach Delay (s) 0.6 0.0 14.7
Approach LOS B

Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 10 10 5 190 230 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 5 207 250 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 470 253 255
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 470 253 255
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 100
cM capacity (veh/h) 553 791 1321

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 11 11 212 255
Volume Left 11 0 5 0
Volume Right 0 11 0 5
cSH 553 791 1321 1700
Volume to Capacity 0.02 0.01 0.00 0.15
Queue Length 95th (ft) 2 1 0 0
Control Delay (s) 11.6 9.6 0.2 0.0
Lane LOS B A A
Approach Delay (s) 10.6 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 24.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
83: Driveway D & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 100 80 50 410 340 90
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 87 54 446 370 98
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 750 234 467
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 750 234 467
tC, single (s) 6.9 6.9 4.1
tC, 2 stage (s)
tF (s) 3.6 3.3 2.2
p0 queue free % 66 89 95
cM capacity (veh/h) 324 774 1090

Direction, Lane # EB 1 EB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 109 87 203 297 246 221
Volume Left 109 0 54 0 0 0
Volume Right 0 87 0 0 0 98
cSH 324 774 1090 1700 1700 1700
Volume to Capacity 0.34 0.11 0.05 0.17 0.14 0.13
Queue Length 95th (ft) 36 9 4 0 0 0
Control Delay (s) 21.6 10.2 2.6 0.0 0.0 0.0
Lane LOS C B A
Approach Delay (s) 16.6 1.1 0.0
Approach LOS C

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 40.6% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp)
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 60 110 5 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 65 120 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 125 188 122
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 125 188 122
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1474 806 934

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 65 125 5
Volume Left 0 0 5
Volume Right 0 5 0
cSH 1474 1700 806
Volume to Capacity 0.00 0.07 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.5
Lane LOS A
Approach Delay (s) 0.0 0.0 9.5
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 16.1% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 640 10 10 10 370 230 10 20 240 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.92 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1677 1805 1850 1770 3486 1805 3397
Flt Permitted 0.74 1.00 0.22 1.00 0.57 1.00 0.60 1.00
Satd. Flow (perm) 1357 1677 422 1850 1053 3486 1131 3397
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 674 11 11 11 389 242 11 21 253 53
RTOR Reduction (vph) 0 464 0 0 9 0 0 3 0 0 12 0
Lane Group Flow (vph) 74 231 0 11 13 0 389 250 0 21 294 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 3% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.0 18.0 18.0 18.0 62.0 51.6 51.2 45.8
Effective Green, g (s) 18.0 18.0 18.0 18.0 62.0 51.6 51.2 45.8
Actuated g/C Ratio 0.20 0.20 0.20 0.20 0.69 0.57 0.57 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 271 335 84 370 815 1999 684 1729
v/s Ratio Prot c0.14 0.01 c0.06 0.07 0.00 0.09
v/s Ratio Perm 0.05 0.03 c0.27 0.02
v/c Ratio 0.27 0.69 0.13 0.04 0.48 0.13 0.03 0.17
Uniform Delay, d1 30.5 33.4 29.6 29.0 6.9 8.8 8.5 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.83 0.44 1.00 1.00
Incremental Delay, d2 0.5 5.8 0.7 0.0 0.4 0.1 0.0 0.2
Delay (s) 31.0 39.2 30.3 29.0 6.2 4.0 8.5 12.1
Level of Service C D C C A A A B
Approach Delay (s) 38.4 29.5 5.3 11.9
Approach LOS D C A B

Intersection Summary
HCM Average Control Delay 21.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 140 820 60 170 450 270 70 990 300 360 830 190
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3585 1583 1687 3486 1553 1752 3689 1553 3367 3413
Flt Permitted 0.40 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 746 3585 1583 279 3486 1553 1752 3689 1553 3367 3413
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 147 863 63 179 474 284 74 1042 316 379 874 200
RTOR Reduction (vph) 0 0 40 0 0 204 0 0 119 0 21 0
Lane Group Flow (vph) 147 863 23 179 474 80 74 1042 197 379 1053 0
Heavy Vehicles (%) 3% 6% 2% 7% 9% 4% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.6 25.0 25.0 32.6 25.5 25.5 5.6 29.5 29.5 11.7 35.6
Effective Green, g (s) 31.6 25.0 25.0 32.6 25.5 25.5 5.6 29.5 29.5 11.7 35.6
Actuated g/C Ratio 0.35 0.28 0.28 0.36 0.28 0.28 0.06 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 336 996 440 212 988 440 109 1209 509 438 1350
v/s Ratio Prot 0.03 c0.24 c0.07 0.14 0.04 c0.28 c0.11 0.31
v/s Ratio Perm 0.12 0.01 0.24 0.05 0.13
v/c Ratio 0.44 0.87 0.05 0.84 0.48 0.18 0.68 0.86 0.39 0.87 0.78
Uniform Delay, d1 20.8 30.9 23.8 22.4 26.7 24.4 41.3 28.3 23.3 38.4 23.8
Progression Factor 0.56 0.66 0.56 1.35 1.05 2.70 0.74 0.58 0.23 1.00 1.00
Incremental Delay, d2 0.8 9.4 0.2 24.0 1.6 0.9 10.9 4.6 0.3 16.2 2.9
Delay (s) 12.5 29.9 13.5 54.3 29.6 66.6 41.4 21.1 5.8 54.5 26.7
Level of Service B C B D C E D C A D C
Approach Delay (s) 26.5 45.5 18.8 34.0
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 30.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 19.2
Intersection Capacity Utilization 83.6% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
3: US 56 & Elm AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1480 10 10 830 90 10 10 30 110 10 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.89 1.00 0.88
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3436 3313 1805 1651 1770 1610
Flt Permitted 0.93 0.93 0.72 1.00 0.73 1.00
Satd. Flow (perm) 3211 3082 1373 1651 1358 1610
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1558 11 11 874 95 11 11 32 116 11 42
RTOR Reduction (vph) 0 0 0 0 6 0 0 28 0 0 37 0
Lane Group Flow (vph) 0 1590 0 0 974 0 11 15 0 116 16 0
Heavy Vehicles (%) 0% 5% 0% 0% 8% 2% 0% 0% 3% 2% 0% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 69.5 69.5 11.5 11.5 11.5 11.5
Effective Green, g (s) 69.5 69.5 11.5 11.5 11.5 11.5
Actuated g/C Ratio 0.77 0.77 0.13 0.13 0.13 0.13
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2480 2380 175 211 174 206
v/s Ratio Prot 0.01 0.01
v/s Ratio Perm c0.50 0.32 0.01 c0.09
v/c Ratio 0.64 0.41 0.06 0.07 0.67 0.08
Uniform Delay, d1 4.6 3.4 34.5 34.6 37.4 34.6
Progression Factor 0.66 0.98 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.8 0.5 0.2 0.1 9.3 0.2
Delay (s) 3.9 3.8 34.7 34.7 46.7 34.8
Level of Service A A C C D C
Approach Delay (s) 3.9 3.8 34.7 43.0
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 6.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 75.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
4: US 56 & Mulberry AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 1630 10 10 900 60 5 5 20 100 5 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.88 1.00 0.87
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3432 3341 1805 1548 1770 1612
Flt Permitted 0.90 0.93 0.73 1.00 0.74 1.00
Satd. Flow (perm) 3090 3096 1393 1548 1379 1612
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 1716 11 11 947 63 5 5 21 105 5 32
RTOR Reduction (vph) 0 0 0 0 4 0 0 19 0 0 28 0
Lane Group Flow (vph) 0 1769 0 0 1017 0 5 7 0 105 9 0
Heavy Vehicles (%) 5% 5% 0% 0% 7% 8% 0% 20% 5% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 71.0 71.0 10.0 10.0 10.0 10.0
Effective Green, g (s) 71.0 71.0 10.0 10.0 10.0 10.0
Actuated g/C Ratio 0.79 0.79 0.11 0.11 0.11 0.11
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2438 2442 155 172 153 179
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm c0.57 0.33 0.00 c0.08
v/c Ratio 0.73 0.42 0.03 0.04 0.69 0.05
Uniform Delay, d1 4.7 3.0 35.7 35.7 38.5 35.7
Progression Factor 0.41 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.1 12.0 0.1
Delay (s) 3.5 3.1 35.8 35.8 50.5 35.9
Level of Service A A D D D D
Approach Delay (s) 3.5 3.1 35.8 46.7
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 5.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
5: US 56 & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 170 1400 190 150 700 600 150 620 270 1170 530 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1719 3619 1568 1770 3486 1583 1770 3725 1553 3433 3539 1553
Flt Permitted 0.20 1.00 1.00 0.10 1.00 1.00 0.44 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 363 3619 1568 196 3486 1583 825 3725 1553 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 179 1474 200 158 737 632 158 653 284 1232 558 126
RTOR Reduction (vph) 0 0 54 0 0 341 0 0 80 0 0 84
Lane Group Flow (vph) 179 1474 146 158 737 291 158 653 204 1232 558 42
Heavy Vehicles (%) 5% 5% 3% 2% 9% 2% 2% 2% 4% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 49.9 41.0 41.0 44.1 38.1 38.1 27.9 17.5 17.5 32.5 39.6 39.6
Effective Green, g (s) 49.9 41.0 41.0 44.1 38.1 38.1 27.9 17.5 17.5 32.5 39.6 39.6
Actuated g/C Ratio 0.42 0.34 0.34 0.37 0.32 0.32 0.23 0.15 0.15 0.27 0.33 0.33
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 252 1236 536 151 1107 503 274 543 226 930 1168 512
v/s Ratio Prot c0.05 c0.41 0.05 0.21 0.05 c0.18 0.13 c0.36 0.16
v/s Ratio Perm 0.24 0.09 0.33 0.18 0.08 0.03
v/c Ratio 0.71 1.19 0.27 1.05 0.67 0.58 0.58 1.20 0.90 1.32 0.48 0.08
Uniform Delay, d1 24.9 39.5 28.7 35.1 35.4 34.2 38.8 51.2 50.4 43.8 32.0 27.7
Progression Factor 1.00 1.00 1.00 1.00 0.88 1.18 0.98 0.87 0.76 1.00 1.00 1.00
Incremental Delay, d2 7.6 94.9 1.3 82.6 2.9 4.4 1.5 105.3 29.7 153.6 0.1 0.0
Delay (s) 32.5 134.4 29.9 117.7 34.0 44.8 39.4 149.7 67.9 197.4 32.1 27.7
Level of Service C F C F C D D F E F C C
Approach Delay (s) 113.3 47.1 112.5 138.1
Approach LOS F D F F

Intersection Summary
HCM Average Control Delay 104.8 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 113.9% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
6: Old US 56 & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 160 10 1870 980 10 1310
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1615 3654 1583 1805 3585
Flt Permitted 0.95 1.00 1.00 1.00 0.06 1.00
Satd. Flow (perm) 3433 1615 3654 1583 118 3585
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 165 10 1968 1032 11 1379
RTOR Reduction (vph) 0 9 0 122 0 0
Lane Group Flow (vph) 165 1 1968 910 11 1379
Heavy Vehicles (%) 2% 0% 4% 2% 0% 6%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 13.4 13.4 90.4 103.8 96.6 96.6
Effective Green, g (s) 13.4 13.4 90.4 103.8 96.6 96.6
Actuated g/C Ratio 0.11 0.11 0.75 0.86 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 383 180 2753 1435 112 2886
v/s Ratio Prot 0.05 c0.54 c0.07 0.00 c0.38
v/s Ratio Perm 0.00 0.50 0.08
v/c Ratio 0.43 0.01 0.71 0.63 0.10 0.48
Uniform Delay, d1 49.7 47.4 7.9 2.4 9.4 3.7
Progression Factor 1.00 1.00 0.64 17.56 1.29 1.28
Incremental Delay, d2 0.8 0.0 0.1 0.1 0.2 0.1
Delay (s) 50.5 47.4 5.2 42.6 12.3 4.8
Level of Service D D A D B A
Approach Delay (s) 50.3 18.1 4.9
Approach LOS D B A

Intersection Summary
HCM Average Control Delay 15.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
7: US-56 & Cedar Niles AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 2050 160 680 2120 100 130 30 760 60 20 70
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 3689 1583 3433 3689 1583 1770 1942 2787 1752 2000 1553
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1787 3689 1583 3433 3689 1583 1385 1942 2787 1358 2000 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 2158 168 716 2232 105 137 32 800 63 21 74
RTOR Reduction (vph) 0 0 67 0 0 28 0 0 0 0 0 65
Lane Group Flow (vph) 74 2158 101 716 2232 77 137 32 800 63 21 9
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 2% 3% 2% 3% 0% 4%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 204 948 143 210 163
v/s Ratio Prot 0.04 c0.58 c0.21 0.60 0.02 c0.29 0.01
v/s Ratio Perm 0.06 0.05 0.10 0.05 0.01
v/c Ratio 0.89 1.02 0.11 1.09 0.84 0.07 0.94 0.16 0.84 0.44 0.10 0.05
Uniform Delay, d1 56.9 25.6 11.7 48.5 12.1 5.0 53.4 48.9 36.7 50.4 48.6 48.3
Progression Factor 0.85 0.73 0.29 1.07 0.99 0.98 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 55.7 23.2 0.2 46.2 0.8 0.0 57.3 0.1 6.7 0.8 0.1 0.0
Delay (s) 103.9 42.0 3.6 98.1 12.8 4.9 110.7 49.0 43.3 51.2 48.6 48.4
Level of Service F D A F B A F D D D D D
Approach Delay (s) 41.2 32.5 53.0 49.5
Approach LOS D C D D

Intersection Summary
HCM Average Control Delay 39.1 HCM Level of Service D
HCM Volume to Capacity ratio 1.04
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 102.8% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2740 90 350 1470 0 0 0 0 210 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3509 202 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2884 95 368 1547 0 0 0 0 221 0 1453
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 8
Lane Group Flow (vph) 0 2977 0 368 1547 0 0 0 0 221 0 1445
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 51.8 51.8 12.0 53.2
Effective Green, g (s) 77.0 51.8 51.8 12.0 53.2
Actuated g/C Ratio 0.64 0.43 0.43 0.10 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2252 289 1608 174 1339
v/s Ratio Prot c0.85 c0.17 0.42 0.13 c0.37
v/s Ratio Perm 0.38 0.15
v/c Ratio 1.32 1.27 0.96 1.27 1.08
Uniform Delay, d1 21.5 35.7 33.1 54.0 33.4
Progression Factor 0.72 0.90 0.87 1.00 1.00
Incremental Delay, d2 145.9 139.8 10.7 158.8 49.0
Delay (s) 161.4 171.8 39.5 212.8 82.4
Level of Service F F D F F
Approach Delay (s) 161.4 65.0 0.0 99.6
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 117.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.26
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 121.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 0 0 1650 510 170 0 690 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 0 0 1737 537 179 0 726 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1389 0 0 1737 431 179 363 363 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 75.2 75.2 75.2 34.8 34.8 34.8
Effective Green, g (s) 75.2 75.2 75.2 34.8 34.8 34.8
Actuated g/C Ratio 0.63 0.63 0.63 0.29 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2334 2218 992 489 432 432
v/s Ratio Prot 0.37 c0.49 c0.24
v/s Ratio Perm 0.27 0.11 0.24
v/c Ratio 0.60 0.78 0.43 0.37 0.84 0.84
Uniform Delay, d1 13.3 16.4 11.5 33.8 40.0 40.0
Progression Factor 0.49 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.9 0.3 0.5 13.7 13.7
Delay (s) 6.7 18.3 11.8 34.3 53.7 53.7
Level of Service A B B C D D
Approach Delay (s) 6.7 16.8 49.9 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
10: Santa Fe & Moonlight Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 120 330 710 240 460 410
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3380 1770 3505
Flt Permitted 0.95 1.00 1.00 0.21 1.00
Satd. Flow (perm) 1770 1583 3380 393 3505
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 347 747 253 484 432
RTOR Reduction (vph) 0 307 21 0 0 0
Lane Group Flow (vph) 126 40 979 0 484 432
Heavy Vehicles (%) 2% 2% 3% 2% 2% 3%
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 13.8 13.8 63.9 96.2 96.2
Effective Green, g (s) 13.8 13.8 63.9 96.2 96.2
Actuated g/C Ratio 0.12 0.12 0.53 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 204 182 1800 628 2810
v/s Ratio Prot c0.07 0.29 c0.18 0.12
v/s Ratio Perm 0.03 c0.44
v/c Ratio 0.62 0.22 0.54 0.77 0.15
Uniform Delay, d1 50.6 48.2 18.5 18.5 2.7
Progression Factor 1.00 1.00 1.00 0.63 0.94
Incremental Delay, d2 5.5 0.6 1.2 5.0 0.1
Delay (s) 56.1 48.8 19.6 16.7 2.6
Level of Service E D B B A
Approach Delay (s) 50.7 19.6 10.1
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 22.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 250 140 550 280 40 70 140 20 200 70 300
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1482 3400 3469 1736 3312 1615 1736 2935 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1482 3400 3469 1736 3312 1615 1736 2935 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 263 147 579 295 42 74 147 21 211 74 316
RTOR Reduction (vph) 0 0 127 0 13 0 0 0 18 0 0 223
Lane Group Flow (vph) 21 263 20 579 324 0 74 147 3 211 74 93
Heavy Vehicles (%) 0% 2% 9% 3% 1% 10% 4% 9% 0% 4% 23% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 3.1 12.1 12.1 23.5 32.5 7.9 12.2 12.2 22.2 26.5 26.5
Effective Green, g (s) 3.1 12.1 12.1 23.5 32.5 7.9 12.2 12.2 22.2 26.5 26.5
Actuated g/C Ratio 0.03 0.13 0.13 0.26 0.36 0.09 0.14 0.14 0.25 0.29 0.29
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 476 199 888 1253 152 449 219 428 864 462
v/s Ratio Prot 0.01 c0.07 c0.17 0.09 0.04 c0.04 c0.12 0.03
v/s Ratio Perm 0.01 0.00 0.06
v/c Ratio 0.34 0.55 0.10 0.65 0.26 0.49 0.33 0.01 0.49 0.09 0.20
Uniform Delay, d1 42.4 36.4 34.2 29.6 20.3 39.1 35.2 33.7 29.1 23.0 23.8
Progression Factor 1.00 1.00 1.00 0.96 0.95 1.01 0.81 0.52 1.15 0.69 0.62
Incremental Delay, d2 3.2 1.4 0.2 1.5 0.1 2.2 1.8 0.1 0.8 0.2 0.8
Delay (s) 45.7 37.8 34.4 29.9 19.4 41.8 30.1 17.5 34.3 16.0 15.7
Level of Service D D C C B D C B C B B
Approach Delay (s) 37.0 26.0 32.6 22.3
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 27.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 54.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
12: 183rd Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 20 5 5 40 5 10 20 5 5 50 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 21 5 5 42 5 11 21 5 5 53 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 32 53 37 63
Volume Left (vph) 5 5 11 5
Volume Right (vph) 5 5 5 5
Hadj (s) -0.07 0.00 0.02 0.02
Departure Headway (s) 4.1 4.2 4.2 4.1
Degree Utilization, x 0.04 0.06 0.04 0.07
Capacity (veh/h) 849 842 834 847
Control Delay (s) 7.3 7.4 7.4 7.5
Approach Delay (s) 7.3 7.4 7.4 7.5
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 14.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
14: 183rd Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 20 230 240 20 180 210
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 242 253 21 189 221
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 863 263 274
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 863 263 274
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 69 85
cM capacity (veh/h) 280 780 1301

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 263 274 411
Volume Left 21 0 189
Volume Right 242 21 0
cSH 683 1700 1301
Volume to Capacity 0.39 0.16 0.15
Queue Length 95th (ft) 45 0 13
Control Delay (s) 13.5 0.0 4.5
Lane LOS B A
Approach Delay (s) 13.5 0.0 4.5
Approach LOS B

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 60.2% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
15: 183rd Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 120 80 200 240 120 120 200 1050 210 90 920 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.89 1.00 0.92 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1658 1770 1723 1787 3423 1770 3452
Flt Permitted 0.48 1.00 0.23 1.00 0.20 1.00 0.11 1.00
Satd. Flow (perm) 896 1658 421 1723 371 3423 205 3452
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 126 84 211 253 126 126 211 1105 221 95 968 116
RTOR Reduction (vph) 0 103 0 0 0 0 0 17 0 0 10 0
Lane Group Flow (vph) 126 192 0 253 252 0 211 1309 0 95 1074 0
Heavy Vehicles (%) 2% 3% 2% 2% 2% 2% 1% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Effective Green, g (s) 19.7 13.7 27.7 17.7 42.4 42.4 40.3 40.3
Actuated g/C Ratio 0.22 0.15 0.31 0.20 0.47 0.47 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 254 252 279 339 269 1613 160 1546
v/s Ratio Prot 0.03 0.12 c0.10 0.15 0.05 c0.38 0.03 c0.31
v/s Ratio Perm 0.08 c0.18 0.32 0.24
v/c Ratio 0.50 0.76 0.91 0.74 0.78 0.81 0.59 0.69
Uniform Delay, d1 29.6 36.6 26.8 34.0 26.9 20.4 20.0 19.9
Progression Factor 1.14 1.11 1.00 1.00 0.67 0.59 0.64 0.79
Incremental Delay, d2 1.5 12.6 30.5 8.5 10.0 3.2 4.1 1.8
Delay (s) 35.3 53.1 57.3 42.5 28.1 15.3 16.9 17.7
Level of Service D D E D C B B B
Approach Delay (s) 47.8 49.9 17.1 17.6
Approach LOS D D B B

Intersection Summary
HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 50 30 190 80 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 53 32 200 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 347 84 84
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 347 84 84
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 95 98
cM capacity (veh/h) 640 975 1506

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 53 232 84
Volume Left 0 32 0
Volume Right 53 0 0
cSH 975 1506 1700
Volume to Capacity 0.05 0.02 0.05
Queue Length 95th (ft) 4 2 0
Control Delay (s) 8.9 1.2 0.0
Lane LOS A A
Approach Delay (s) 8.9 1.2 0.0
Approach LOS A

Intersection Summary
Average Delay 2.0
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 5 5 200 70 60
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 5 5 211 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 326 105 137
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 326 105 137
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 97 99 100
cM capacity (veh/h) 670 955 1460

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 26 216 137
Volume Left 21 5 0
Volume Right 5 0 63
cSH 712 1460 1700
Volume to Capacity 0.04 0.00 0.08
Queue Length 95th (ft) 3 0 0
Control Delay (s) 10.2 0.2 0.0
Lane LOS B A
Approach Delay (s) 10.2 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 24.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
18: 191st Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 10 110 30 30 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.95 0.92 0.92 0.95
Hourly flow rate (vph) 11 11 116 33 33 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 22 280 16
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 22 280 16
tC, single (s) 5.0 6.6 7.1
tC, 2 stage (s)
tF (s) 3.0 3.7 4.1
p0 queue free % 90 95 85
cM capacity (veh/h) 1157 611 860

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 22 148 159
Volume Left 0 116 33
Volume Right 11 0 126
cSH 1700 1157 794
Volume to Capacity 0.01 0.10 0.20
Queue Length 95th (ft) 0 8 19
Control Delay (s) 0.0 6.8 10.7
Lane LOS A B
Approach Delay (s) 0.0 6.8 10.7
Approach LOS B

Intersection Summary
Average Delay 8.2
Intersection Capacity Utilization 30.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
19: 191st Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 90 70 70 10 160 50 40 110 30 50 50 130
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 95 74 74 11 168 53 42 116 32 53 53 137

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 242 232 189 242
Volume Left (vph) 95 11 42 53
Volume Right (vph) 74 53 32 137
Hadj (s) 0.46 -0.11 0.05 -0.26
Departure Headway (s) 6.0 5.5 5.8 5.4
Degree Utilization, x 0.40 0.35 0.30 0.36
Capacity (veh/h) 556 601 560 610
Control Delay (s) 13.0 11.4 11.3 11.4
Approach Delay (s) 13.0 11.4 11.3 11.4
Approach LOS B B B B

Intersection Summary
Delay 11.8
HCM Level of Service B
Intersection Capacity Utilization 52.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
20: W 188th Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 30 260 210 30 240 330 1010 260 260 1240 110
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.87 1.00 0.97 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1787 1845 1583 1770 1613 1752 3526 1770 3689 1553
Flt Permitted 0.31 1.00 1.00 0.74 1.00 0.10 1.00 0.11 1.00 1.00
Satd. Flow (perm) 583 1845 1583 1370 1613 187 3526 206 3689 1553
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 84 33 274 228 33 261 347 1063 283 283 1305 116
RTOR Reduction (vph) 0 0 235 0 224 0 0 26 0 0 0 65
Lane Group Flow (vph) 84 33 39 228 70 0 347 1320 0 283 1305 51
Heavy Vehicles (%) 1% 3% 2% 2% 3% 2% 3% 5% 2% 2% 3% 4%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 16.9 12.9 12.9 19.0 12.7 56.6 39.4 50.0 36.1 36.1
Effective Green, g (s) 16.9 12.9 12.9 19.0 12.7 56.6 39.4 50.0 36.1 36.1
Actuated g/C Ratio 0.19 0.14 0.14 0.21 0.14 0.63 0.44 0.56 0.40 0.40
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 163 264 227 317 228 417 1544 356 1480 623
v/s Ratio Prot 0.02 0.02 c0.05 0.04 c0.16 c0.37 0.12 0.35
v/s Ratio Perm 0.07 0.02 c0.10 0.36 0.32 0.03
v/c Ratio 0.52 0.12 0.17 0.72 0.31 0.83 0.85 0.79 0.88 0.08
Uniform Delay, d1 31.6 33.6 33.9 32.4 34.7 24.3 22.7 21.4 25.0 16.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 0.85 1.27 1.25 0.61 0.54
Incremental Delay, d2 2.7 0.2 0.4 7.6 0.8 11.3 5.3 9.4 5.3 0.0
Delay (s) 34.3 33.8 34.2 40.0 35.5 32.1 34.2 36.1 20.5 9.1
Level of Service C C C D D C C D C A
Approach Delay (s) 34.2 37.4 33.7 22.4
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 88.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
21: I-35 SB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 210 0 770 10 830 0 0 1540 170
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.99
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1703 1447 1447 1805 3689 3663
Flt Permitted 0.95 1.00 1.00 0.10 1.00 1.00
Satd. Flow (perm) 1703 1447 1447 191 3689 3663
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 221 0 811 11 874 0 0 1621 179
RTOR Reduction (vph) 0 0 0 0 287 40 0 0 0 0 7 0
Lane Group Flow (vph) 0 0 0 221 119 365 11 874 0 0 1793 0
Heavy Vehicles (%) 0% 0% 0% 6% 0% 6% 0% 3% 0% 0% 2% 4%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 16.5 16.5 37.7 40.9 39.8 59.9
Effective Green, g (s) 16.5 16.5 37.7 40.9 39.8 59.9
Actuated g/C Ratio 0.18 0.18 0.42 0.45 0.44 0.67
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 312 265 646 107 1631 2438
v/s Ratio Prot c0.13 0.08 c0.13 0.00 0.24 c0.49
v/s Ratio Perm 0.12 0.05
v/c Ratio 0.71 0.45 0.56 0.10 0.54 0.74
Uniform Delay, d1 34.5 32.7 19.9 18.0 18.3 9.9
Progression Factor 1.00 1.00 1.00 1.07 0.37 0.52
Incremental Delay, d2 7.2 1.2 1.1 0.1 0.3 1.2
Delay (s) 41.7 33.9 21.0 19.3 7.2 6.3
Level of Service D C C B A A
Approach Delay (s) 0.0 30.5 7.3 6.3
Approach LOS A C A A

Intersection Summary
HCM Average Control Delay 13.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
22: I-35 NB Ramps & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 360 0 40 0 0 0 0 480 450 1070 690 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1753 1942 1583 3433 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1753 1942 1583 3433 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 379 0 42 0 0 0 0 505 474 1126 726 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 0 334 0 0 0
Lane Group Flow (vph) 0 416 0 0 0 0 0 505 140 1126 726 0
Heavy Vehicles (%) 2% 0% 5% 0% 0% 0% 0% 3% 2% 2% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 21.0 24.0 24.0 30.0 59.0
Effective Green, g (s) 21.0 24.0 24.0 30.0 59.0
Actuated g/C Ratio 0.23 0.27 0.27 0.33 0.66
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 409 518 422 1144 2442
v/s Ratio Prot c0.24 c0.26 c0.33 0.19
v/s Ratio Perm 0.09
v/c Ratio 1.02 0.97 0.33 0.98 0.30
Uniform Delay, d1 34.5 32.7 26.6 29.8 6.6
Progression Factor 1.00 0.84 0.83 0.74 0.45
Incremental Delay, d2 49.2 30.4 1.8 18.6 0.2
Delay (s) 83.7 58.0 23.8 40.7 3.2
Level of Service F E C D A
Approach Delay (s) 83.7 0.0 41.4 26.0
Approach LOS F A D C

Intersection Summary
HCM Average Control Delay 38.1 HCM Level of Service D
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 93.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
23: E 191st Street & Gardner Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 20 80 850 20 100 640
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 0.99
Satd. Flow (prot) 1639 1840 1843
Flt Permitted 0.99 1.00 0.77
Satd. Flow (perm) 1639 1840 1425
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 84 895 21 105 674
RTOR Reduction (vph) 78 0 1 0 0 0
Lane Group Flow (vph) 27 0 915 0 0 779
Heavy Vehicles (%) 0% 3% 3% 0% 5% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 6.4 73.6 73.6
Effective Green, g (s) 6.4 73.6 73.6
Actuated g/C Ratio 0.07 0.82 0.82
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 117 1505 1165
v/s Ratio Prot c0.02 0.50
v/s Ratio Perm c0.55
v/c Ratio 0.23 0.61 0.67
Uniform Delay, d1 39.5 3.0 3.3
Progression Factor 1.00 0.82 1.25
Incremental Delay, d2 1.0 0.6 2.9
Delay (s) 40.5 3.1 7.1
Level of Service D A A
Approach Delay (s) 40.5 3.1 7.1
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 103.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 40 5 270 70 10 5 190 370 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 0.99
Satd. Flow (prot) 1866 1778 1665 1635
Flt Permitted 0.97 0.74 1.00 0.92
Satd. Flow (perm) 1811 1368 1664 1522
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 42 5 284 74 11 5 200 389 11 63 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 67 0 0 0 0
Lane Group Flow (vph) 0 49 0 0 368 0 0 527 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 3% 1% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 28.2 28.2 51.8 51.8
Effective Green, g (s) 28.2 28.2 51.8 51.8
Actuated g/C Ratio 0.31 0.31 0.58 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 567 429 958 876
v/s Ratio Prot
v/s Ratio Perm 0.03 c0.27 c0.32 0.05
v/c Ratio 0.09 0.86 0.55 0.08
Uniform Delay, d1 21.8 29.0 11.9 8.5
Progression Factor 1.00 1.00 1.34 1.26
Incremental Delay, d2 0.1 15.4 2.0 0.2
Delay (s) 21.9 44.4 17.9 10.9
Level of Service C D B B
Approach Delay (s) 21.9 44.4 17.9 10.9
Approach LOS C D B B

Intersection Summary
HCM Average Control Delay 26.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 260 110 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1780 1676
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1388 1676
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 274 116 95
RTOR Reduction (vph) 8 0 0 0 36 0
Lane Group Flow (vph) 634 0 0 358 175 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.5 65.5 14.5
Effective Green, g (s) 65.5 65.5 14.5
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1294 1010 270
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.26
v/c Ratio 0.49 0.35 0.65
Uniform Delay, d1 5.2 4.5 35.4
Progression Factor 1.00 2.49 1.00
Incremental Delay, d2 1.3 0.8 5.3
Delay (s) 6.5 12.0 40.6
Level of Service A B D
Approach Delay (s) 6.5 12.0 40.6
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 14.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (vph) 10 420 360 140 110 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.96 0.99
Flt Protected 1.00 1.00 0.95
Satd. Flow (prot) 1853 1480 918
Flt Permitted 0.99 1.00 0.95
Satd. Flow (perm) 1831 1480 918
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 442 379 147 116 5
RTOR Reduction (vph) 0 0 19 0 2 0
Lane Group Flow (vph) 0 453 507 0 119 0
Heavy Vehicles (%) 20% 2% 2% 79% 98% 60%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 30.9 30.9 9.9
Effective Green, g (s) 30.9 30.9 9.9
Actuated g/C Ratio 0.61 0.61 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1114 900 179
v/s Ratio Prot c0.34 c0.13
v/s Ratio Perm 0.25
v/c Ratio 0.41 0.56 0.66
Uniform Delay, d1 5.2 5.9 18.9
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.2 0.8 8.9
Delay (s) 5.4 6.7 27.8
Level of Service A A C
Approach Delay (s) 5.4 6.7 27.8
Approach LOS A A C

Intersection Summary
HCM Average Control Delay 8.5 HCM Level of Service A
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 50.8 Sum of lost time (s) 10.0
Intersection Capacity Utilization 44.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 160 10 30 170 450 10 260 20 290 90 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 1.00 0.85 0.99 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1782 1752 1845 1583 1830 1770 1863 1583
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.99 0.45 1.00 1.00
Satd. Flow (perm) 1752 1782 1752 1845 1583 1818 837 1863 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 42 168 11 32 179 474 11 274 21 305 95 53
RTOR Reduction (vph) 0 3 0 0 0 393 0 2 0 0 0 20
Lane Group Flow (vph) 42 176 0 32 179 81 0 304 0 305 95 33
Heavy Vehicles (%) 3% 6% 0% 3% 3% 2% 0% 3% 0% 2% 2% 2%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 4.4 14.1 5.6 15.3 15.3 37.7 55.3 55.3 55.3
Effective Green, g (s) 4.4 14.1 5.6 15.3 15.3 37.7 55.3 55.3 55.3
Actuated g/C Ratio 0.05 0.16 0.06 0.17 0.17 0.42 0.61 0.61 0.61
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 86 279 109 314 269 762 645 1145 973
v/s Ratio Prot 0.02 c0.10 0.02 c0.10 c0.07 0.05
v/s Ratio Perm 0.05 0.17 c0.22 0.02
v/c Ratio 0.49 0.63 0.29 0.57 0.30 0.40 0.47 0.08 0.03
Uniform Delay, d1 41.7 35.5 40.3 34.3 32.7 18.2 9.4 7.0 6.8
Progression Factor 1.03 1.07 1.00 1.00 1.00 1.00 1.13 1.03 1.60
Incremental Delay, d2 4.3 4.4 1.5 2.5 0.6 1.6 0.4 0.1 0.0
Delay (s) 47.3 42.4 41.8 36.8 33.3 19.8 11.0 7.4 11.0
Level of Service D D D D C B B A B
Approach Delay (s) 43.3 34.6 19.8 10.2
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 26.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 60.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
30: US-56 & I-35 NB Loop AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1320 1630 0 1820 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1389 1716 0 1916 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.60
vC, conflicting volume 3105 2347 695
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3105 1909 695
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 106 37 389

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 695 695 1716 958 958
Volume Left 0 0 0 0 0
Volume Right 0 0 1716 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.41 0.41 1.01 0.56 0.56
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (vph) 10 770 0 760 170 120 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.97 0.99
Flt Protected 0.95 1.00 1.00 0.96
Satd. Flow (prot) 1805 1638 1619 1171
Flt Permitted 0.18 1.00 1.00 0.96
Satd. Flow (perm) 344 1638 1619 1171
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 11 837 0 826 185 130 11
RTOR Reduction (vph) 0 0 0 8 0 3 0
Lane Group Flow (vph) 11 837 0 1003 0 138 0
Heavy Vehicles (%) 0% 16% 2% 16% 6% 58% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 65.9 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1199 1185 183
v/s Ratio Prot 0.51 c0.62 c0.12
v/s Ratio Perm 0.03
v/c Ratio 0.04 0.70 0.85 0.75
Uniform Delay, d1 3.3 6.6 8.5 36.3
Progression Factor 1.00 1.00 0.72 1.00
Incremental Delay, d2 0.3 3.4 5.4 15.9
Delay (s) 3.7 10.0 11.6 52.2
Level of Service A A B D
Approach Delay (s) 9.9 11.6 52.2
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 13.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 820 70 50 350 0 0 0 0 10 0 580
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1552 1770 1827 1805 1335
Flt Permitted 1.00 0.21 1.00 0.95 1.00
Satd. Flow (perm) 1552 388 1827 1805 1335
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 891 76 54 380 0 0 0 0 11 0 630
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 575
Lane Group Flow (vph) 0 965 0 54 380 0 0 0 0 11 0 55
Heavy Vehicles (%) 0% 22% 11% 2% 4% 0% 0% 0% 0% 0% 0% 21%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.6 75.0 75.0 5.0 5.0
Effective Green, g (s) 65.6 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.73 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1131 391 1523 100 74
v/s Ratio Prot c0.62 0.01 c0.21 0.01
v/s Ratio Perm 0.11 c0.04
v/c Ratio 0.85 0.14 0.25 0.11 0.74
Uniform Delay, d1 8.7 9.0 1.6 40.4 41.9
Progression Factor 0.75 0.06 0.05 1.00 1.00
Incremental Delay, d2 6.0 0.1 0.1 0.5 32.4
Delay (s) 12.5 0.6 0.1 40.9 74.3
Level of Service B A A D E
Approach Delay (s) 12.5 0.2 0.0 73.7
Approach LOS B A A E

Intersection Summary
HCM Average Control Delay 29.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 750 80 0 0 160 20 240 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1759 1823 1736 1583
Flt Permitted 0.49 1.00 1.00 0.95 1.00
Satd. Flow (perm) 749 1759 1823 1736 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 815 87 0 0 174 22 261 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 5 0 0 0 81 0 0 0
Lane Group Flow (vph) 815 87 0 0 191 0 261 0 17 0 0 0
Heavy Vehicles (%) 24% 8% 0% 0% 3% 0% 4% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 64.5 64.5 13.8 15.5 15.5
Effective Green, g (s) 64.5 64.5 13.8 15.5 15.5
Actuated g/C Ratio 0.72 0.72 0.15 0.17 0.17
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 896 1261 280 299 273
v/s Ratio Prot c0.46 0.05 0.10
v/s Ratio Perm c0.19 c0.15 0.01
v/c Ratio 0.91 0.07 0.68 0.87 0.06
Uniform Delay, d1 12.6 3.8 36.0 36.3 31.2
Progression Factor 0.38 0.05 0.98 1.00 1.00
Incremental Delay, d2 7.5 0.1 6.5 23.3 0.1
Delay (s) 12.3 0.2 41.9 59.6 31.3
Level of Service B A D E C
Approach Delay (s) 11.1 41.9 51.8 0.0
Approach LOS B D D A

Intersection Summary
HCM Average Control Delay 25.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.0% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 170 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 185 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 375 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 375 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 628 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 190 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 692
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.3
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.3
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
80: 191st Street & Driveway A AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 110 10 30 10 70 110
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 120 11 33 11 76 120
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 43 288 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 43 288 38
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 89 84 85
cM capacity (veh/h) 1112 479 812

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 130 43 76 120
Volume Left 120 0 76 0
Volume Right 0 11 0 120
cSH 1112 1700 479 812
Volume to Capacity 0.11 0.03 0.16 0.15
Queue Length 95th (ft) 9 0 14 13
Control Delay (s) 8.0 0.0 13.9 10.2
Lane LOS A B B
Approach Delay (s) 8.0 0.0 11.6
Approach LOS B

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 23.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
81: 191st Street & Driveway B AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 180 140 170 30 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 196 152 185 33 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 337 462 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 337 462 245
tC, single (s) 4.5 6.8 6.8
tC, 2 stage (s)
tF (s) 2.6 3.8 3.8
p0 queue free % 99 93 99
cM capacity (veh/h) 1038 494 671

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 207 337 33 5
Volume Left 11 0 33 0
Volume Right 0 185 0 5
cSH 1038 1700 494 671
Volume to Capacity 0.01 0.20 0.07 0.01
Queue Length 95th (ft) 1 0 5 1
Control Delay (s) 0.5 0.0 12.8 10.4
Lane LOS A B B
Approach Delay (s) 0.5 0.0 12.5
Approach LOS B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 27.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
82: Driveway C & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 60 50 50 190 180 50
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 65 54 54 207 196 54
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 538 223 250
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 538 223 250
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 87 93 96
cM capacity (veh/h) 487 822 1327

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 65 54 261 250
Volume Left 65 0 54 0
Volume Right 0 54 0 54
cSH 487 822 1327 1700
Volume to Capacity 0.13 0.07 0.04 0.15
Queue Length 95th (ft) 12 5 3 0
Control Delay (s) 13.5 9.7 1.9 0.0
Lane LOS B A A
Approach Delay (s) 11.8 1.9 0.0
Approach LOS B

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 38.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
83: Driveway D & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 20 10 90 370 380 110
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 22 11 98 402 413 120
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 870 266 533
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 870 266 533
tC, single (s) 7.6 7.1 4.1
tC, 2 stage (s)
tF (s) 3.9 3.4 2.2
p0 queue free % 89 98 91
cM capacity (veh/h) 206 708 1038

Direction, Lane # EB 1 EB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 22 11 232 268 275 257
Volume Left 22 0 98 0 0 0
Volume Right 0 11 0 0 0 120
cSH 206 708 1038 1700 1700 1700
Volume to Capacity 0.11 0.02 0.09 0.16 0.16 0.15
Queue Length 95th (ft) 9 1 8 0 0 0
Control Delay (s) 24.5 10.2 4.2 0.0 0.0 0.0
Lane LOS C B A
Approach Delay (s) 19.7 2.0 0.0
Approach LOS C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 40.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
84: 191st Street & Driveway E AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 80 30 20 20 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 87 33 22 22 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 152 43
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 152 43
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 97 99
cM capacity (veh/h) 1564 838 1033

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 98 54 27
Volume Left 11 0 22
Volume Right 0 22 5
cSH 1564 1700 871
Volume to Capacity 0.01 0.03 0.03
Queue Length 95th (ft) 1 0 2
Control Delay (s) 0.9 0.0 9.3
Lane LOS A A
Approach Delay (s) 0.9 0.0 9.3
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 21.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 390 10 20 30 690 280 10 10 160 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.97
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1659 1805 1819 1770 3523 1805 3426
Flt Permitted 0.72 1.00 0.38 1.00 0.62 1.00 0.57 1.00
Satd. Flow (perm) 1346 1659 724 1819 1155 3523 1074 3426
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 411 11 21 32 726 295 11 11 168 42
RTOR Reduction (vph) 0 363 0 0 28 0 0 2 0 0 16 0
Lane Group Flow (vph) 53 59 0 11 25 0 726 304 0 11 194 0
Heavy Vehicles (%) 2% 0% 3% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 10.5 10.5 10.5 10.5 69.5 61.4 46.9 43.8
Effective Green, g (s) 10.5 10.5 10.5 10.5 69.5 61.4 46.9 43.8
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.77 0.68 0.52 0.49
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 157 194 84 212 1033 2403 585 1667
v/s Ratio Prot 0.04 0.01 c0.16 0.09 0.00 0.06
v/s Ratio Perm c0.04 0.02 c0.38 0.01
v/c Ratio 0.34 0.30 0.13 0.12 0.70 0.13 0.02 0.12
Uniform Delay, d1 36.6 36.4 35.7 35.6 6.3 5.0 10.4 12.6
Progression Factor 1.00 1.00 1.00 1.00 0.51 0.88 1.00 1.00
Incremental Delay, d2 1.3 0.9 0.7 0.2 1.8 0.1 0.0 0.1
Delay (s) 37.8 37.3 36.4 35.8 5.0 4.5 10.4 12.7
Level of Service D D D D A A B B
Approach Delay (s) 37.4 35.9 4.9 12.6
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 490 50 320 920 400 50 860 220 320 910 150
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3519 1583 1770 3654 1583 1770 3689 1568 3400 3435
Flt Permitted 0.16 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 297 3519 1583 649 3654 1583 1770 3689 1568 3400 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 516 53 337 968 421 53 905 232 337 958 158
RTOR Reduction (vph) 0 0 38 0 0 233 0 0 156 0 14 0
Lane Group Flow (vph) 189 516 15 337 968 188 53 905 76 337 1102 0
Heavy Vehicles (%) 2% 8% 2% 2% 4% 2% 2% 3% 3% 3% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 32.3 25.1 25.1 33.7 25.8 25.8 3.9 29.0 29.0 11.3 36.4
Effective Green, g (s) 32.3 25.1 25.1 33.7 25.8 25.8 3.9 29.0 29.0 11.3 36.4
Actuated g/C Ratio 0.36 0.28 0.28 0.37 0.29 0.29 0.04 0.32 0.32 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 224 981 441 341 1047 454 77 1189 505 427 1389
v/s Ratio Prot 0.07 0.15 c0.09 0.26 c0.03 0.25 0.10 c0.32
v/s Ratio Perm 0.23 0.01 c0.28 0.12 0.05
v/c Ratio 0.84 0.53 0.03 0.99 0.92 0.42 0.69 0.76 0.15 0.79 0.79
Uniform Delay, d1 23.0 27.4 23.6 25.9 31.2 26.0 42.5 27.4 21.7 38.2 23.5
Progression Factor 1.33 0.66 0.39 1.33 1.15 1.93 0.74 0.56 0.30 1.00 1.00
Incremental Delay, d2 23.6 2.0 0.1 37.1 11.0 1.9 14.2 1.8 0.1 9.4 3.2
Delay (s) 54.4 20.0 9.3 71.6 46.9 52.1 45.5 17.1 6.7 47.6 26.7
Level of Service D B A E D D D B A D C
Approach Delay (s) 27.8 53.0 16.3 31.5
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 34.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 83.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
3: US 56 & Elm PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 1020 30 40 1640 40 20 10 50 100 20 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.91
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3425 3489 1719 1637 1770 1697
Flt Permitted 0.93 0.89 0.72 1.00 0.72 1.00
Satd. Flow (perm) 3176 3120 1307 1637 1332 1697
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 1074 32 42 1726 42 21 11 53 105 21 32
RTOR Reduction (vph) 0 1 0 0 1 0 0 47 0 0 24 0
Lane Group Flow (vph) 0 1116 0 0 1809 0 21 17 0 105 29 0
Heavy Vehicles (%) 0% 5% 3% 3% 3% 3% 5% 0% 2% 2% 0% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 70.0 70.0 11.0 11.0 11.0 11.0
Effective Green, g (s) 70.0 70.0 11.0 11.0 11.0 11.0
Actuated g/C Ratio 0.78 0.78 0.12 0.12 0.12 0.12
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2470 2427 160 200 163 207
v/s Ratio Prot 0.01 0.02
v/s Ratio Perm 0.35 c0.58 0.02 c0.08
v/c Ratio 0.45 0.75 0.13 0.09 0.64 0.14
Uniform Delay, d1 3.4 5.3 35.2 35.0 37.6 35.3
Progression Factor 0.44 1.23 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.5 0.4 0.2 8.4 0.3
Delay (s) 2.0 8.0 35.6 35.2 46.1 35.6
Level of Service A A D D D D
Approach Delay (s) 2.0 8.0 35.3 42.6
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 8.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 95.1% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
4: US 56 & Mulberry PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 1150 10 30 1750 40 10 5 20 40 10 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.88 1.00 0.90
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3435 3490 1805 1605 1752 1713
Flt Permitted 0.89 0.91 0.74 1.00 0.74 1.00
Satd. Flow (perm) 3045 3176 1399 1605 1366 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 1211 11 32 1842 42 11 5 21 42 11 21
RTOR Reduction (vph) 0 1 0 0 1 0 0 19 0 0 19 0
Lane Group Flow (vph) 0 1242 0 0 1915 0 11 7 0 42 13 0
Heavy Vehicles (%) 0% 5% 0% 3% 3% 3% 0% 0% 5% 3% 0% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 73.8 73.8 7.2 7.2 7.2 7.2
Effective Green, g (s) 73.8 73.8 7.2 7.2 7.2 7.2
Actuated g/C Ratio 0.82 0.82 0.08 0.08 0.08 0.08
Clearance Time (s) 5.0 5.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2497 2604 112 128 109 137
v/s Ratio Prot 0.00 0.01
v/s Ratio Perm 0.41 c0.60 0.01 c0.03
v/c Ratio 0.50 0.74 0.10 0.05 0.39 0.09
Uniform Delay, d1 2.5 3.7 38.4 38.2 39.3 38.4
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 1.1 0.4 0.2 2.3 0.3
Delay (s) 1.6 4.8 38.8 38.4 41.6 38.7
Level of Service A A D D D D
Approach Delay (s) 1.6 4.8 38.5 40.3
Approach LOS A A D D

Intersection Summary
HCM Average Control Delay 4.8 HCM Level of Service A
HCM Volume to Capacity ratio 0.70
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 9.0
Intersection Capacity Utilization 87.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
5: US 56 & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 800 250 380 1510 1280 200 550 160 730 720 180
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1736 3585 1583 1770 3689 1583 1770 3725 1583 3433 3539 1553
Flt Permitted 0.10 1.00 1.00 0.16 1.00 1.00 0.28 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 177 3585 1583 296 3689 1583 514 3725 1583 3433 3539 1553
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 842 263 400 1589 1347 211 579 168 768 758 189
RTOR Reduction (vph) 0 0 119 0 0 227 0 0 116 0 0 93
Lane Group Flow (vph) 158 842 144 400 1589 1120 211 579 52 768 758 96
Heavy Vehicles (%) 4% 6% 2% 2% 3% 2% 2% 2% 2% 2% 2% 4%
Turn Type pm+pt Perm pm+pt Perm pm+pt custom Prot Perm
Protected Phases 5 2 1 6 3 8 8 7 4
Permitted Phases 2 2 6 6 8 8 4
Actuated Green, G (s) 47.4 41.4 41.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Effective Green, g (s) 47.4 41.4 41.4 69.5 58.0 58.0 23.0 14.5 14.5 18.5 24.5 24.5
Actuated g/C Ratio 0.39 0.34 0.34 0.58 0.48 0.48 0.19 0.12 0.12 0.15 0.20 0.20
Clearance Time (s) 5.5 6.5 6.5 5.5 6.5 6.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lane Grp Cap (vph) 148 1237 546 449 1783 765 187 450 191 529 723 317
v/s Ratio Prot 0.05 0.23 c0.17 0.43 0.08 c0.16 0.03 c0.22 0.21
v/s Ratio Perm 0.37 0.09 0.35 c0.71 0.14 0.06
v/c Ratio 1.07 0.68 0.26 0.89 0.89 1.46 1.13 1.29 0.27 1.45 1.05 0.30
Uniform Delay, d1 31.8 33.6 28.3 26.5 28.1 31.0 46.8 52.8 48.0 50.7 47.8 40.5
Progression Factor 1.00 1.00 1.00 0.91 0.99 1.02 0.90 0.95 0.95 1.00 1.00 1.00
Incremental Delay, d2 93.1 3.0 1.2 5.8 2.0 210.8 101.2 143.5 0.3 213.7 46.9 0.2
Delay (s) 124.9 36.7 29.5 29.9 29.8 242.3 143.4 193.8 45.9 264.5 94.6 40.7
Level of Service F D C C C F F F D F F D
Approach Delay (s) 46.2 115.7 156.8 164.7
Approach LOS D F F F

Intersection Summary
HCM Average Control Delay 120.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.43
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 23.0
Intersection Capacity Utilization 116.6% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
6: Old US 56 & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBR NET NER SWL SWT
Lane Configurations
Volume (vph) 730 150 1380 310 10 2440
Ideal Flow (vphpl) 1900 1900 2000 1900 1900 2000
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3433 1599 3654 1568 1805 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.11 1.00
Satd. Flow (perm) 3433 1599 3654 1568 213 3725
Peak-hour factor, PHF 0.97 0.97 0.95 0.95 0.95 0.95
Adj. Flow (vph) 753 155 1453 326 11 2568
RTOR Reduction (vph) 0 78 0 43 0 0
Lane Group Flow (vph) 753 78 1453 283 11 2568
Heavy Vehicles (%) 2% 1% 4% 3% 0% 2%
Turn Type Perm pm+ov pm+pt
Protected Phases 8 2 8 1 6
Permitted Phases 8 2 2 6 6
Actuated Green, G (s) 27.0 27.0 77.2 104.2 83.0 83.0
Effective Green, g (s) 27.0 27.0 77.2 104.2 83.0 83.0
Actuated g/C Ratio 0.22 0.22 0.64 0.87 0.69 0.69
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 772 360 2351 1427 158 2576
v/s Ratio Prot c0.22 0.40 0.04 0.00 c0.69
v/s Ratio Perm 0.05 0.14 0.05
v/c Ratio 0.98 0.22 0.62 0.20 0.07 1.00
Uniform Delay, d1 46.2 37.9 12.7 1.3 10.0 18.4
Progression Factor 1.00 1.00 0.21 1.23 0.70 0.54
Incremental Delay, d2 26.2 0.3 0.1 0.0 0.1 13.1
Delay (s) 72.3 38.2 2.8 1.6 7.2 23.0
Level of Service E D A A A C
Approach Delay (s) 66.5 2.6 23.0
Approach LOS E A C

Intersection Summary
HCM Average Control Delay 23.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
7: US-56 & Cedar Niles PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 2110 190 780 1990 60 210 20 860 60 20 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2 5.2
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 1.00 1.00 0.88 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 3689 1583 3433 3689 1583 1770 2000 2787 1770 2000 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.74 1.00 1.00 0.74 1.00 1.00
Satd. Flow (perm) 1770 3689 1583 3433 3689 1583 1385 2000 2787 1385 2000 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 63 2221 200 821 2095 63 221 21 905 63 21 42
RTOR Reduction (vph) 0 0 77 0 0 18 0 0 0 0 0 38
Lane Group Flow (vph) 63 2221 123 821 2095 45 221 21 905 63 21 4
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 0% 2% 2% 0% 3%
Turn Type Prot Perm Prot Perm Perm pt+ov Perm Perm
Protected Phases 5 2 1 6 8 8 1 4
Permitted Phases 2 6 8 4 4
Actuated Green, G (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Effective Green, g (s) 5.6 68.8 68.8 23.0 86.2 86.2 12.6 12.6 40.8 12.6 12.6 12.6
Actuated g/C Ratio 0.05 0.57 0.57 0.19 0.72 0.72 0.10 0.10 0.34 0.10 0.10 0.10
Clearance Time (s) 4.0 6.4 6.4 4.0 6.4 6.4 5.2 5.2 5.2 5.2 5.2
Vehicle Extension (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lane Grp Cap (vph) 83 2115 908 658 2650 1137 145 210 948 145 210 165
v/s Ratio Prot 0.04 c0.60 c0.24 0.57 0.01 0.32 0.01
v/s Ratio Perm 0.08 0.03 c0.16 0.05 0.00
v/c Ratio 0.76 1.05 0.14 1.25 0.79 0.04 1.52 0.10 0.95 0.43 0.10 0.03
Uniform Delay, d1 56.5 25.6 11.8 48.5 11.0 4.9 53.7 48.6 38.7 50.4 48.6 48.2
Progression Factor 0.79 0.57 0.26 1.08 1.01 1.07 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 27.8 33.8 0.3 112.7 0.2 0.0 267.7 0.1 18.9 0.8 0.1 0.0
Delay (s) 72.2 48.4 3.4 165.0 11.3 5.2 321.4 48.6 57.6 51.1 48.6 48.2
Level of Service E D A F B A F D E D D D
Approach Delay (s) 45.4 53.5 108.2 49.7
Approach LOS D D F D

Intersection Summary
HCM Average Control Delay 59.8 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.6
Intersection Capacity Utilization 109.0% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 650 1250 0 0 0 0 150 0 1550
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2760
Flt Permitted 1.00 0.23 1.00 0.95 1.00
Satd. Flow (perm) 3486 418 3725 1770 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 684 1316 0 0 0 0 158 0 1632
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 7
Lane Group Flow (vph) 0 3152 0 684 1316 0 0 0 0 158 0 1625
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 68.0 44.5 44.5 10.0 60.5
Effective Green, g (s) 68.0 44.5 44.5 10.0 60.5
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1975 452 1381 148 1507
v/s Ratio Prot c0.90 c0.34 0.35 0.09 c0.45
v/s Ratio Perm 0.22 0.13
v/c Ratio 1.60 1.51 0.95 1.07 1.08
Uniform Delay, d1 26.0 34.3 36.7 55.0 29.8
Progression Factor 0.82 0.94 0.90 1.00 1.00
Incremental Delay, d2 268.3 238.7 10.9 93.1 47.3
Delay (s) 289.7 270.8 43.9 148.1 77.1
Level of Service F F D F E
Approach Delay (s) 289.7 121.5 0.0 83.4
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 188.1 HCM Level of Service F
HCM Volume to Capacity ratio 1.49
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 140.1% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1550 0 0 1800 570 100 0 400 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1632 0 0 1895 600 105 0 421 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 82 0 0 0 0 0 0
Lane Group Flow (vph) 0 1632 0 0 1895 518 105 211 210 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.2 86.2 86.2 23.8 23.8 23.8
Effective Green, g (s) 86.2 86.2 86.2 23.8 23.8 23.8
Actuated g/C Ratio 0.72 0.72 0.72 0.20 0.20 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2676 2542 1105 338 279 279
v/s Ratio Prot 0.44 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.61 0.75 0.47 0.31 0.76 0.75
Uniform Delay, d1 8.5 10.2 7.2 41.1 45.4 45.3
Progression Factor 0.38 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.2 0.3 0.5 11.1 10.9
Delay (s) 3.3 11.5 7.5 41.6 56.5 56.2
Level of Service A B A D E E
Approach Delay (s) 3.3 10.5 53.4 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.1% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
10: Santa Fe & Moonlight Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 240 480 440 160 380 940
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1583 3398 1770 3539
Flt Permitted 0.95 1.00 1.00 0.38 1.00
Satd. Flow (perm) 1770 1583 3398 700 3539
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 253 505 463 168 400 989
RTOR Reduction (vph) 0 407 18 0 0 0
Lane Group Flow (vph) 253 98 613 0 400 989
Turn Type Perm pm+pt
Protected Phases 8 2 1 6
Permitted Phases 8 6
Actuated Green, G (s) 23.2 23.2 68.9 86.8 86.8
Effective Green, g (s) 23.2 23.2 68.9 86.8 86.8
Actuated g/C Ratio 0.19 0.19 0.57 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 306 1951 621 2560
v/s Ratio Prot c0.14 0.18 c0.07 0.28
v/s Ratio Perm 0.06 c0.40
v/c Ratio 0.74 0.32 0.31 0.64 0.39
Uniform Delay, d1 45.6 41.6 13.3 13.7 6.4
Progression Factor 1.00 1.00 1.00 1.56 1.85
Incremental Delay, d2 8.1 0.6 0.4 1.1 0.2
Delay (s) 53.7 42.2 13.7 22.6 12.0
Level of Service D D B C B
Approach Delay (s) 46.0 13.7 15.1
Approach LOS D B B

Intersection Summary
HCM Average Control Delay 23.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 20 330 170 300 230 30 40 90 20 180 150 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 0.95 1.00 0.97 0.95 1.00 0.95 1.00 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.98 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 3539 1524 3400 3457 1752 3167 1615 1671 3374 1568
Flt Permitted 0.95 1.00 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 1805 3539 1524 3400 3457 1752 3167 1615 1671 3374 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 347 179 316 242 32 42 95 21 189 158 632
RTOR Reduction (vph) 0 0 151 0 13 0 0 0 17 0 0 393
Lane Group Flow (vph) 21 347 28 316 261 0 42 95 4 189 158 239
Heavy Vehicles (%) 0% 2% 6% 3% 2% 7% 3% 14% 0% 8% 7% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 2.2 14.0 14.0 16.6 28.4 5.3 16.5 16.5 22.9 34.1 34.1
Effective Green, g (s) 2.2 14.0 14.0 16.6 28.4 5.3 16.5 16.5 22.9 34.1 34.1
Actuated g/C Ratio 0.02 0.16 0.16 0.18 0.32 0.06 0.18 0.18 0.25 0.38 0.38
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 44 551 237 627 1091 103 581 296 425 1278 594
v/s Ratio Prot 0.01 c0.10 c0.09 0.08 0.02 0.03 c0.11 0.05
v/s Ratio Perm 0.02 0.00 c0.15
v/c Ratio 0.48 0.63 0.12 0.50 0.24 0.41 0.16 0.01 0.44 0.12 0.40
Uniform Delay, d1 43.3 35.6 32.7 33.0 22.8 40.8 30.9 30.1 28.2 18.2 20.5
Progression Factor 1.00 1.00 1.00 0.89 0.85 1.07 0.91 0.74 1.58 0.35 2.27
Incremental Delay, d2 7.9 2.3 0.2 0.6 0.1 2.6 0.6 0.1 0.4 0.1 1.0
Delay (s) 51.3 37.8 32.9 29.9 19.5 46.1 28.8 22.5 44.9 6.4 47.4
Level of Service D D C C B D C C D A D
Approach Delay (s) 36.7 25.1 32.6 40.3
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 35.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 62.1% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
12: 183rd Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 50 5 0 30 5 5 50 0 5 20 5
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 53 5 0 32 5 5 53 0 5 21 5

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 63 37 58 32
Volume Left (vph) 5 0 5 5
Volume Right (vph) 5 5 0 5
Hadj (s) 0.00 -0.04 0.05 -0.01
Departure Headway (s) 4.1 4.1 4.2 4.2
Degree Utilization, x 0.07 0.04 0.07 0.04
Capacity (veh/h) 848 849 827 838
Control Delay (s) 7.5 7.3 7.5 7.3
Approach Delay (s) 7.5 7.3 7.5 7.3
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 17.2% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
14: 183rd Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (veh/h) 10 280 190 10 190 230
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 11 295 200 11 200 242
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 847 205 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 847 205 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 96 65 85
cM capacity (veh/h) 286 840 1372

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 305 211 442
Volume Left 11 0 200
Volume Right 295 11 0
cSH 788 1700 1372
Volume to Capacity 0.39 0.12 0.15
Queue Length 95th (ft) 46 0 13
Control Delay (s) 12.4 0.0 4.4
Lane LOS B A
Approach Delay (s) 12.4 0.0 4.4
Approach LOS B

Intersection Summary
Average Delay 6.0
Intersection Capacity Utilization 61.1% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
15: 183rd Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 140 170 170 140 90 220 950 280 130 940 120
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.94 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1726 1770 1764 1805 3393 1770 3449
Flt Permitted 0.52 1.00 0.21 1.00 0.18 1.00 0.11 1.00
Satd. Flow (perm) 964 1726 384 1764 350 3393 213 3449
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 147 179 179 147 95 232 1000 295 137 989 126
RTOR Reduction (vph) 0 49 0 0 0 0 0 31 0 0 11 0
Lane Group Flow (vph) 137 277 0 179 242 0 232 1264 0 137 1104 0
Heavy Vehicles (%) 2% 1% 1% 2% 1% 2% 0% 3% 2% 2% 3% 2%
Turn Type pm+pt pm+pt pm+pt pm+pt
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 21.8 15.8 29.0 19.4 40.0 40.0 39.6 39.6
Effective Green, g (s) 21.8 15.8 29.0 19.4 40.0 40.0 39.6 39.6
Actuated g/C Ratio 0.24 0.18 0.32 0.22 0.44 0.44 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 287 303 272 380 236 1508 173 1518
v/s Ratio Prot 0.03 c0.16 c0.07 0.14 0.05 c0.37 0.04 c0.32
v/s Ratio Perm 0.08 0.14 c0.38 0.31
v/c Ratio 0.48 0.92 0.66 0.64 0.98 0.84 0.79 0.73
Uniform Delay, d1 28.0 36.4 24.4 32.1 29.2 22.1 20.9 20.8
Progression Factor 1.15 1.09 1.00 1.00 1.00 1.00 0.80 0.85
Incremental Delay, d2 1.3 30.5 5.7 3.5 53.5 5.7 13.4 1.8
Delay (s) 33.5 70.4 30.0 35.6 82.7 27.9 30.1 19.5
Level of Service C E C D F C C B
Approach Delay (s) 59.5 33.2 36.2 20.6
Approach LOS E C D C

Intersection Summary
HCM Average Control Delay 33.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 86.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SBL SBR NEL NET SWT SWR
Lane Configurations
Volume (veh/h) 0 20 50 130 160 0
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 21 53 137 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 411 168 168
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 411 168 168
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 100 98 96
cM capacity (veh/h) 579 881 1409

Direction, Lane # SB 1 NE 1 SW 1
Volume Total 21 189 168
Volume Left 0 53 0
Volume Right 21 0 0
cSH 881 1409 1700
Volume to Capacity 0.02 0.04 0.10
Queue Length 95th (ft) 2 3 0
Control Delay (s) 9.2 2.4 0.0
Lane LOS A A
Approach Delay (s) 9.2 2.4 0.0
Approach LOS A

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 31.4% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 50 5 5 120 170 30
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 5 5 126 179 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 195 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 195 211
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 92 99 100
cM capacity (veh/h) 661 852 1372

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 58 132 211
Volume Left 53 5 0
Volume Right 5 0 32
cSH 674 1372 1700
Volume to Capacity 0.09 0.00 0.12
Queue Length 95th (ft) 7 0 0
Control Delay (s) 10.8 0.3 0.0
Lane LOS B A
Approach Delay (s) 10.8 0.3 0.0
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 20.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
18: 191st Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 30 120 40 20 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.95 0.92 0.92 0.95
Hourly flow rate (vph) 22 33 126 43 22 126
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 334 38
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 334 38
tC, single (s) 5.0 6.7 7.2
tC, 2 stage (s)
tF (s) 3.0 3.8 4.2
p0 queue free % 89 96 84
cM capacity (veh/h) 1124 532 812

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 54 170 148
Volume Left 0 126 22
Volume Right 33 0 126
cSH 1700 1124 754
Volume to Capacity 0.03 0.11 0.20
Queue Length 95th (ft) 0 9 18
Control Delay (s) 0.0 6.7 10.9
Lane LOS A B
Approach Delay (s) 0.0 6.7 10.9
Approach LOS B

Intersection Summary
Average Delay 7.4
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
19: 191st Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 130 120 70 30 130 20 90 50 10 20 100 120
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 137 126 74 32 137 21 95 53 11 21 105 126

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 337 189 158 253
Volume Left (vph) 137 32 95 21
Volume Right (vph) 74 21 11 126
Hadj (s) 0.23 -0.01 1.01 -0.22
Departure Headway (s) 5.8 5.8 7.0 5.6
Degree Utilization, x 0.54 0.31 0.31 0.39
Capacity (veh/h) 588 558 462 584
Control Delay (s) 15.3 11.4 13.0 12.2
Approach Delay (s) 15.3 11.4 13.0 12.2
Approach LOS C B B B

Intersection Summary
Delay 13.3
HCM Level of Service B
Intersection Capacity Utilization 62.8% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
20: W 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 110 30 310 270 30 290 280 1410 240 240 1120 100
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95 1.00
Frt 1.00 1.00 0.85 1.00 0.86 1.00 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1845 1583 1770 1608 1770 3582 1770 3689 1524
Flt Permitted 0.29 1.00 1.00 0.72 1.00 0.12 1.00 0.08 1.00 1.00
Satd. Flow (perm) 548 1845 1583 1341 1608 222 3582 141 3689 1524
Peak-hour factor, PHF 0.95 0.92 0.95 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 116 33 326 293 33 315 295 1484 261 261 1179 105
RTOR Reduction (vph) 0 0 260 0 206 0 0 13 0 0 0 48
Lane Group Flow (vph) 116 33 66 293 142 0 295 1732 0 261 1179 57
Heavy Vehicles (%) 2% 3% 2% 2% 3% 2% 2% 4% 2% 2% 3% 6%
Turn Type pm+pt Perm pm+pt pm+pt pm+pt Perm
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases 4 4 8 2 6 6
Actuated Green, G (s) 19.3 13.6 13.6 22.4 13.9 73.6 56.1 67.2 52.9 52.9
Effective Green, g (s) 19.3 13.6 13.6 22.4 13.9 73.6 56.1 67.2 52.9 52.9
Actuated g/C Ratio 0.18 0.12 0.12 0.20 0.13 0.67 0.51 0.61 0.48 0.48
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 159 228 196 306 203 395 1827 298 1774 733
v/s Ratio Prot 0.04 0.02 c0.07 0.09 c0.12 c0.48 0.11 0.32
v/s Ratio Perm 0.09 0.04 c0.12 0.38 0.42 0.04
v/c Ratio 0.73 0.14 0.34 0.96 0.70 0.75 0.95 0.88 0.66 0.08
Uniform Delay, d1 41.3 43.0 44.1 42.6 46.0 21.9 25.6 33.4 21.8 15.4
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.15 0.77 1.00 1.00 1.00
Incremental Delay, d2 15.4 0.3 1.0 39.7 10.0 5.4 9.2 23.7 1.0 0.0
Delay (s) 56.7 43.3 45.1 82.3 56.1 30.7 28.8 57.1 22.7 15.4
Level of Service E D D F E C C E C B
Approach Delay (s) 47.8 68.1 29.1 28.0
Approach LOS D E C C

Intersection Summary
HCM Average Control Delay 35.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 99.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
21: I-35 SB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 380 0 1190 30 740 0 0 1310 390
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Lane Util. Factor 1.00 0.95 0.95 1.00 0.95 0.95
Frt 1.00 0.85 0.85 1.00 1.00 0.97
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1752 1475 1475 1687 3725 3562
Flt Permitted 0.95 1.00 1.00 0.12 1.00 1.00
Satd. Flow (perm) 1752 1475 1475 205 3725 3562
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 400 0 1253 32 779 0 0 1379 411
RTOR Reduction (vph) 0 0 0 0 386 14 0 0 0 0 23 0
Lane Group Flow (vph) 0 0 0 400 241 612 32 779 0 0 1767 0
Heavy Vehicles (%) 0% 0% 0% 3% 0% 4% 7% 2% 0% 0% 3% 3%
Turn Type custom custom pm+pt
Protected Phases 8 8 1 5 2 6
Permitted Phases 8 8 2
Actuated Green, G (s) 28.9 28.9 62.9 37.9 34.6 65.3
Effective Green, g (s) 28.9 28.9 62.9 37.9 34.6 65.3
Actuated g/C Ratio 0.26 0.26 0.57 0.34 0.31 0.59
Clearance Time (s) 5.0 5.0 2.5 2.5 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 460 388 877 115 1172 2115
v/s Ratio Prot c0.23 0.16 c0.22 0.01 0.21 c0.50
v/s Ratio Perm 0.20 0.09
v/c Ratio 0.87 0.62 0.70 0.28 0.66 0.84
Uniform Delay, d1 38.7 35.7 16.8 48.8 32.7 18.0
Progression Factor 1.00 1.00 1.00 1.36 0.56 0.57
Incremental Delay, d2 15.9 3.1 2.4 0.8 1.9 2.9
Delay (s) 54.7 38.8 19.2 67.3 20.3 13.2
Level of Service D D B E C B
Approach Delay (s) 0.0 35.2 22.1 13.2
Approach LOS A D C B

Intersection Summary
HCM Average Control Delay 23.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.84
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 85.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
22: I-35 NB Ramps & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 180 0 20 0 0 0 0 600 250 840 850 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 2000 1900 1900 2000 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 0.97 0.95
Frt 0.99 1.00 0.85 1.00 1.00
Flt Protected 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1694 1961 1568 3367 3725
Flt Permitted 0.96 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1694 1961 1568 3367 3725
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 189 0 21 0 0 0 0 632 263 884 895 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 152 0 0 0
Lane Group Flow (vph) 0 207 0 0 0 0 0 632 111 884 895 0
Heavy Vehicles (%) 6% 0% 5% 0% 0% 0% 0% 2% 3% 4% 2% 0%
Turn Type Split Perm Prot
Protected Phases 4 4 2 1 6
Permitted Phases 2
Actuated Green, G (s) 16.5 46.5 46.5 32.0 83.5
Effective Green, g (s) 16.5 46.5 46.5 32.0 83.5
Actuated g/C Ratio 0.15 0.42 0.42 0.29 0.76
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 254 829 663 979 2828
v/s Ratio Prot c0.12 c0.32 c0.26 0.24
v/s Ratio Perm 0.07
v/c Ratio 0.81 0.76 0.17 0.90 0.32
Uniform Delay, d1 45.3 27.0 19.7 37.5 4.2
Progression Factor 1.00 0.93 1.34 0.90 0.72
Incremental Delay, d2 17.7 5.8 0.5 6.7 0.2
Delay (s) 63.0 31.1 26.9 40.6 3.2
Level of Service E C C D A
Approach Delay (s) 63.0 0.0 29.8 21.8
Approach LOS E A C C

Intersection Summary
HCM Average Control Delay 27.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 85.8% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
23: E 191st Street & Gardner Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement WBL WBR NBT NBR SBL SBT
Lane Configurations
Volume (vph) 30 140 710 20 60 810
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 1.00
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1613 1857 1850
Flt Permitted 0.99 1.00 0.91
Satd. Flow (perm) 1613 1857 1682
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 32 147 747 21 63 853
RTOR Reduction (vph) 135 0 1 0 0 0
Lane Group Flow (vph) 44 0 767 0 0 916
Heavy Vehicles (%) 3% 4% 2% 0% 7% 2%
Turn Type Perm
Protected Phases 8 2 6
Permitted Phases 6
Actuated Green, G (s) 8.9 91.1 91.1
Effective Green, g (s) 8.9 91.1 91.1
Actuated g/C Ratio 0.08 0.83 0.83
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 131 1538 1393
v/s Ratio Prot c0.03 0.41
v/s Ratio Perm c0.54
v/c Ratio 0.34 0.50 0.66
Uniform Delay, d1 47.8 2.8 3.6
Progression Factor 1.00 1.00 1.23
Incremental Delay, d2 1.5 0.3 2.4
Delay (s) 49.3 3.0 6.7
Level of Service D A A
Approach Delay (s) 49.3 3.0 6.7
Approach LOS D A A

Intersection Summary
HCM Average Control Delay 9.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 107.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 90 10 370 30 10 10 110 300 10 170 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.90 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1857 1764 1630 1805
Flt Permitted 1.00 0.67 0.99 0.97
Satd. Flow (perm) 1857 1241 1620 1763
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 95 11 389 32 11 11 116 316 11 179 5
RTOR Reduction (vph) 0 4 0 0 1 0 0 98 0 0 1 0
Lane Group Flow (vph) 0 102 0 0 431 0 0 345 0 0 194 0
Heavy Vehicles (%) 0% 1% 0% 3% 0% 0% 0% 9% 4% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 47.6 47.6
Effective Green, g (s) 32.4 32.4 47.6 47.6
Actuated g/C Ratio 0.36 0.36 0.53 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 669 447 857 932
v/s Ratio Prot 0.05
v/s Ratio Perm c0.35 c0.21 0.11
v/c Ratio 0.15 0.96 0.40 0.21
Uniform Delay, d1 19.5 28.2 12.7 11.2
Progression Factor 1.00 1.00 1.27 1.77
Incremental Delay, d2 0.1 33.1 1.3 0.5
Delay (s) 19.6 61.3 17.5 20.3
Level of Service B E B C
Approach Delay (s) 19.6 61.3 17.5 20.3
Approach LOS B E B C

Intersection Summary
HCM Average Control Delay 34.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1715
Flt Permitted 1.00 0.85 0.97
Satd. Flow (perm) 1755 1577 1715
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 95
RTOR Reduction (vph) 13 0 0 0 27 0
Lane Group Flow (vph) 471 0 0 579 226 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 2%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.1 63.1 16.9
Effective Green, g (s) 63.1 63.1 16.9
Actuated g/C Ratio 0.70 0.70 0.19
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1230 1106 322
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.70
Uniform Delay, d1 5.5 6.4 34.2
Progression Factor 1.00 1.98 1.00
Incremental Delay, d2 0.9 1.2 6.8
Delay (s) 6.4 13.8 41.0
Level of Service A B D
Approach Delay (s) 6.4 13.8 41.0
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 16.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (vph) 10 400 420 130 140 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.97 0.99
Flt Protected 1.00 1.00 0.96
Satd. Flow (prot) 1843 1480 1008
Flt Permitted 0.99 1.00 0.96
Satd. Flow (perm) 1819 1480 1008
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 11 421 442 137 147 11
RTOR Reduction (vph) 0 0 15 0 5 0
Lane Group Flow (vph) 0 432 564 0 153 0
Heavy Vehicles (%) 40% 2% 2% 96% 82% 30%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 31.2 31.2 10.7
Effective Green, g (s) 31.2 31.2 10.7
Actuated g/C Ratio 0.60 0.60 0.21
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1094 890 208
v/s Ratio Prot c0.38 c0.15
v/s Ratio Perm 0.24
v/c Ratio 0.39 0.63 0.74
Uniform Delay, d1 5.4 6.7 19.3
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.2 1.5 12.7
Delay (s) 5.6 8.2 32.0
Level of Service A A C
Approach Delay (s) 5.6 8.2 32.0
Approach LOS A A C

Intersection Summary
HCM Average Control Delay 10.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 51.9 Sum of lost time (s) 10.0
Intersection Capacity Utilization 46.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 170 20 30 210 330 10 130 30 420 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 1.00 0.85 0.98 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1805 1805 1752 1827 1583 1798 1770 1863 1568
Flt Permitted 0.95 1.00 0.95 1.00 1.00 0.98 0.53 1.00 1.00
Satd. Flow (perm) 1805 1805 1752 1827 1583 1768 995 1863 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 21 179 21 32 221 347 11 137 32 442 211 32
RTOR Reduction (vph) 0 5 0 0 0 275 0 8 0 0 0 13
Lane Group Flow (vph) 21 195 0 32 221 72 0 172 0 442 211 19
Heavy Vehicles (%) 0% 4% 0% 3% 4% 2% 0% 3% 3% 2% 2% 3%
Turn Type Prot Prot Perm Perm pm+pt Perm
Protected Phases 5 2 1 6 8 7 4
Permitted Phases 6 8 4 4
Actuated Green, G (s) 3.1 15.4 6.5 18.8 18.8 31.9 53.1 53.1 53.1
Effective Green, g (s) 3.1 15.4 6.5 18.8 18.8 31.9 53.1 53.1 53.1
Actuated g/C Ratio 0.03 0.17 0.07 0.21 0.21 0.35 0.59 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 62 309 127 382 331 627 727 1099 925
v/s Ratio Prot 0.01 c0.11 0.02 c0.12 c0.11 0.11
v/s Ratio Perm 0.05 0.10 c0.25 0.01
v/c Ratio 0.34 0.63 0.25 0.58 0.22 0.27 0.61 0.19 0.02
Uniform Delay, d1 42.4 34.7 39.5 32.0 29.5 20.8 10.9 8.5 7.7
Progression Factor 1.14 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.2 4.2 1.0 2.1 0.3 1.1 1.4 0.4 0.0
Delay (s) 51.6 38.0 40.5 34.2 29.8 21.9 12.3 8.9 7.7
Level of Service D D D C C C B A A
Approach Delay (s) 39.3 32.0 21.9 11.1
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 23.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 110 0 550 10 100 0 0 270 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 0.95
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1640 1823 1745
Flt Permitted 0.99 0.95 1.00
Satd. Flow (perm) 1640 1744 1745
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 116 0 579 11 105 0 0 284 189
RTOR Reduction (vph) 0 0 0 0 127 0 0 0 0 0 51 0
Lane Group Flow (vph) 0 0 0 0 568 0 0 116 0 0 422 0
Heavy Vehicles (%) 0% 0% 0% 2% 0% 2% 20% 2% 0% 0% 3% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 44.9 35.1 35.1
Effective Green, g (s) 44.9 35.1 35.1
Actuated g/C Ratio 0.50 0.39 0.39
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 818 680 681
v/s Ratio Prot c0.35 c0.24
v/s Ratio Perm 0.07
v/c Ratio 0.69 0.17 0.62
Uniform Delay, d1 17.3 17.9 22.1
Progression Factor 1.00 0.33 1.00
Incremental Delay, d2 2.6 0.5 4.2
Delay (s) 19.9 6.4 26.3
Level of Service B A C
Approach Delay (s) 0.0 19.9 6.4 26.3
Approach LOS A B A C

Intersection Summary
HCM Average Control Delay 21.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.66
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 73.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 30 40 240 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.97
Satd. Flow (prot) 1745 1637 1795
Flt Permitted 0.96 1.00 0.76
Satd. Flow (perm) 1745 1637 1414
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 84 0 11 0 0 0 0 32 42 253 147 0
RTOR Reduction (vph) 0 5 0 0 0 0 0 9 0 0 0 0
Lane Group Flow (vph) 0 90 0 0 0 0 0 65 0 0 400 0
Heavy Vehicles (%) 3% 0% 0% 0% 0% 0% 0% 10% 5% 3% 2% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 9.9 70.1 70.1
Effective Green, g (s) 9.9 70.1 70.1
Actuated g/C Ratio 0.11 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 192 1275 1101
v/s Ratio Prot 0.04
v/s Ratio Perm 0.05 c0.28
v/c Ratio 0.47 0.05 0.36
Uniform Delay, d1 37.6 2.3 3.1
Progression Factor 1.00 1.00 1.81
Incremental Delay, d2 1.8 0.1 0.8
Delay (s) 39.4 2.4 6.4
Level of Service D A A
Approach Delay (s) 39.4 0.0 2.4 6.4
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 11.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
30: US-56 & I-35 NB Loop PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NWL NWR
Lane Configurations
Volume (veh/h) 1550 1320 0 1900 0 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 1632 1389 0 2000 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 821
pX, platoon unblocked 0.60
vC, conflicting volume 3021 2632 816
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 3021 2388 816
tC, single (s) 4.1 6.8 6.9
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 100 100
cM capacity (veh/h) 115 18 324

Direction, Lane # EB 1 EB 2 EB 3 WB 1 WB 2
Volume Total 816 816 1389 1000 1000
Volume Left 0 0 0 0 0
Volume Right 0 0 1389 0 0
cSH 1700 1700 1700 1700 1700
Volume to Capacity 0.48 0.48 0.82 0.59 0.59
Queue Length 95th (ft) 0 0 0 0 0
Control Delay (s) 0.0 0.0 0.0 0.0 0.0
Lane LOS
Approach Delay (s) 0.0 0.0
Approach LOS

Intersection Summary
Average Delay 0.0
Intersection Capacity Utilization 85.1% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 200 30 60 390 50 40 50 20 90 100 10
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 11 217 33 65 424 54 42 53 22 98 105 11

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 261 543 116 214
Volume Left (vph) 11 65 42 98
Volume Right (vph) 33 54 22 11
Hadj (s) -0.02 0.07 0.22 0.10
Departure Headway (s) 6.0 5.6 7.0 6.6
Degree Utilization, x 0.44 0.85 0.23 0.39
Capacity (veh/h) 551 543 456 501
Control Delay (s) 13.6 32.2 12.1 13.9
Approach Delay (s) 13.6 32.2 12.1 13.9
Approach LOS B D B B

Intersection Summary
Delay 22.4
HCM Level of Service C
Intersection Capacity Utilization 65.2% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 180 5 5 10 200 290 10 5 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 228 6 6 13 253 367 13 6 418 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1329 1320 421 1541 1316 373 424 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1329 1320 421 1541 1316 373 424 380
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 94 100 64 87 95 98 77 99
cM capacity (veh/h) 104 122 633 50 123 677 1125 1190

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 234 25 633 430
Volume Left 6 6 253 6
Volume Right 228 13 13 6
cSH 556 129 1125 1190
Volume to Capacity 0.42 0.20 0.23 0.01
Queue Length 95th (ft) 52 17 22 0
Control Delay (s) 16.1 39.7 5.2 0.2
Lane LOS C E A A
Approach Delay (s) 16.1 39.7 5.2 0.2
Approach LOS C E

Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 66.6% ICU Level of Service C
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 150 140 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 203 189 81 41 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 270 459 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 270 459 230
tC, single (s) 4.1 6.4 6.5
tC, 2 stage (s)
tF (s) 2.2 3.5 3.6
p0 queue free % 99 93 98
cM capacity (veh/h) 1305 554 745

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 216 270 54
Volume Left 14 0 41
Volume Right 0 81 14
cSH 1305 1700 592
Volume to Capacity 0.01 0.16 0.09
Queue Length 95th (ft) 1 0 8
Control Delay (s) 0.6 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.6 0.0 11.7
Approach LOS B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 26.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 10 10 130 5 10 5 140 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 15 15 197 8 15 8 212 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 227 30 235
Volume Left (vph) 15 15 8 212
Volume Right (vph) 0 197 8 15
Hadj (s) 0.10 -0.30 0.07 0.19
Departure Headway (s) 4.9 4.3 4.9 4.7
Degree Utilization, x 0.04 0.27 0.04 0.31
Capacity (veh/h) 671 787 686 722
Control Delay (s) 8.1 8.9 8.1 9.8
Approach Delay (s) 8.1 8.9 8.1 9.8
Approach LOS A A A A

Intersection Summary
Delay 9.2
HCM Level of Service A
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 5 5 20 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 40 10 10 40 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 50 105 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 50 105 45
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1570 892 1031

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 50 50 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1570 956
Volume to Capacity 0.03 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 1.5 8.8
Lane LOS A A
Approach Delay (s) 0.0 1.5 8.8
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (vph) 5 820 0 830 140 200 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00
Flt Protected 0.95 1.00 1.00 0.95
Satd. Flow (prot) 1805 1652 1511 1463
Flt Permitted 0.17 1.00 1.00 0.95
Satd. Flow (perm) 322 1652 1511 1463
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 5 891 0 902 152 217 5
RTOR Reduction (vph) 0 0 0 5 0 1 0
Lane Group Flow (vph) 5 891 0 1049 0 221 0
Heavy Vehicles (%) 0% 15% 2% 17% 59% 24% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 90.4 90.4 90.4 19.6
Effective Green, g (s) 90.4 90.4 90.4 19.6
Actuated g/C Ratio 0.75 0.75 0.75 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 243 1245 1138 239
v/s Ratio Prot 0.54 c0.69 c0.15
v/s Ratio Perm 0.02
v/c Ratio 0.02 0.72 0.92 0.93
Uniform Delay, d1 3.7 7.9 11.9 49.5
Progression Factor 1.00 1.00 1.11 1.00
Incremental Delay, d2 0.2 3.5 8.4 38.1
Delay (s) 3.9 11.5 21.6 87.6
Level of Service A B C F
Approach Delay (s) 11.4 21.6 87.6
Approach LOS B C F

Intersection Summary
HCM Average Control Delay 24.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 71.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 770 240 120 170 0 0 0 0 10 0 800
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1572 1752 1727 1805 1282
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 1572 210 1727 1805 1282
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 837 261 130 185 0 0 0 0 11 0 870
RTOR Reduction (vph) 0 9 0 0 0 0 0 0 0 0 0 656
Lane Group Flow (vph) 0 1089 0 130 185 0 0 0 0 11 0 214
Heavy Vehicles (%) 0% 21% 4% 3% 10% 0% 0% 0% 0% 0% 0% 26%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 3 6
Actuated Green, G (s) 86.0 99.0 99.0 11.0 24.0
Effective Green, g (s) 86.0 99.0 99.0 11.0 24.0
Actuated g/C Ratio 0.72 0.82 0.82 0.09 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1127 276 1425 165 256
v/s Ratio Prot c0.69 0.03 0.11 0.01
v/s Ratio Perm 0.36 c0.17
v/c Ratio 0.97 0.47 0.13 0.07 0.84
Uniform Delay, d1 15.7 17.8 2.1 49.8 46.1
Progression Factor 1.02 1.00 1.00 1.00 1.00
Incremental Delay, d2 14.7 1.3 0.0 0.2 20.4
Delay (s) 30.7 19.1 2.1 50.0 66.5
Level of Service C B A D E
Approach Delay (s) 30.7 9.1 0.0 66.3
Approach LOS C A A E

Intersection Summary
HCM Average Control Delay 41.4 HCM Level of Service D
HCM Volume to Capacity ratio 0.94
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 670 110 0 0 210 20 80 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1456 1810 1796 1597 1583
Flt Permitted 0.47 1.00 1.00 0.95 1.00
Satd. Flow (perm) 725 1810 1796 1597 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 728 120 0 0 228 22 87 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 4 0 0 0 49 0 0 0
Lane Group Flow (vph) 728 120 0 0 246 0 87 0 5 0 0 0
Heavy Vehicles (%) 24% 5% 0% 0% 5% 0% 13% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 71.0 71.0 22.3 9.0 9.0
Effective Green, g (s) 71.0 71.0 22.3 9.0 9.0
Actuated g/C Ratio 0.79 0.79 0.25 0.10 0.10
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 927 1428 445 160 158
v/s Ratio Prot c0.38 0.07 0.14
v/s Ratio Perm c0.24 c0.05 0.00
v/c Ratio 0.79 0.08 0.55 0.54 0.03
Uniform Delay, d1 8.6 2.1 29.5 38.5 36.6
Progression Factor 1.00 1.00 1.21 1.00 1.00
Incremental Delay, d2 4.4 0.1 1.4 3.7 0.1
Delay (s) 13.0 2.3 37.2 42.3 36.7
Level of Service B A D D D
Approach Delay (s) 11.5 37.2 40.1 0.0
Approach LOS B D D A

Intersection Summary
HCM Average Control Delay 19.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 77.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 220 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 239 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 429 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 429 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 584 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 245 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 656
Volume to Capacity 0.11 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.2 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 25.6% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
80: 191st Street & Driveway A PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 130 20 30 80 50 120
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 141 22 33 87 54 130
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 380 76
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 380 76
tC, single (s) 5.1 7.4 7.2
tC, 2 stage (s)
tF (s) 3.1 4.4 4.2
p0 queue free % 86 87 83
cM capacity (veh/h) 1032 404 769

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 163 120 54 130
Volume Left 141 0 54 0
Volume Right 0 87 0 130
cSH 1032 1700 404 769
Volume to Capacity 0.14 0.07 0.13 0.17
Queue Length 95th (ft) 12 0 12 15
Control Delay (s) 8.0 0.0 15.3 10.6
Lane LOS A C B
Approach Delay (s) 8.0 0.0 12.0
Approach LOS B

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 24.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
81: 191st Street & Driveway B PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Intersection Sign configuration not allowed in HCM analysis.

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
82: Driveway C & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 10 10 5 190 230 5
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 11 5 207 250 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 470 253 255
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 470 253 255
tC, single (s) 6.4 6.2 4.1
tC, 2 stage (s)
tF (s) 3.5 3.3 2.2
p0 queue free % 98 99 100
cM capacity (veh/h) 553 791 1321

Direction, Lane # EB 1 EB 2 NB 1 SB 1
Volume Total 11 11 212 255
Volume Left 11 0 5 0
Volume Right 0 11 0 5
cSH 553 791 1321 1700
Volume to Capacity 0.02 0.01 0.00 0.15
Queue Length 95th (ft) 2 1 0 0
Control Delay (s) 11.6 9.6 0.2 0.0
Lane LOS B A A
Approach Delay (s) 10.6 0.2 0.0
Approach LOS B

Intersection Summary
Average Delay 0.6
Intersection Capacity Utilization 24.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
83: Driveway D & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 100 80 50 410 340 90
Sign Control Stop Free Free
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 109 87 54 446 370 98
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 750 234 467
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 750 234 467
tC, single (s) 6.9 6.9 4.1
tC, 2 stage (s)
tF (s) 3.6 3.3 2.2
p0 queue free % 66 89 95
cM capacity (veh/h) 324 774 1090

Direction, Lane # EB 1 EB 2 NB 1 NB 2 SB 1 SB 2
Volume Total 109 87 203 297 246 221
Volume Left 109 0 54 0 0 0
Volume Right 0 87 0 0 0 98
cSH 324 774 1090 1700 1700 1700
Volume to Capacity 0.34 0.11 0.05 0.17 0.14 0.13
Queue Length 95th (ft) 36 9 4 0 0 0
Control Delay (s) 21.6 10.2 2.6 0.0 0.0 0.0
Lane LOS C B A
Approach Delay (s) 16.6 1.1 0.0
Approach LOS C

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 40.6% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Gardner Proposed Action + Indirect Effects - (Imp+Mit)
84: 191st Street & Driveway E PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 60 110 5 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 65 120 5 5 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 125 188 122
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 125 188 122
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1474 806 934

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 65 125 5
Volume Left 0 0 5
Volume Right 0 5 0
cSH 1474 1700 806
Volume to Capacity 0.00 0.07 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 9.5
Lane LOS A
Approach Delay (s) 0.0 0.0 9.5
Approach LOS A

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 16.1% ICU Level of Service A
Analysis Period (min) 15

2030 Gardner IMF Operations + Induced Development - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1195           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     332            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               694            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               694            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     406            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               844            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               844            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2070           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     575            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1208           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1208           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  17.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     939            v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1934           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1934           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.0           mi/h
Number of lanes, N                          2
Density, D                                  29.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1620           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     450            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               950            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               950            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.6           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   720            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     200            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               444            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               444            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   540            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     150            v
Trucks and buses                            18             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.917
Driver population factor, fp                1.00
Flow rate, vp                               327            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               327            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.7            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   505            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     140            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               307            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               307            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.4            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   705            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     196            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               431            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               431            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.2            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   790            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     219            v
Trucks and buses                            18             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.917
Driver population factor, fp                1.00
Flow rate, vp                               478            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               478            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1090           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     303            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               669            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               669            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.6            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1970           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     547            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1160           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1160           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.6           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3210           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     892            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1864           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1864           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.1           mi/h
Number of lanes, N                          2
Density, D                                  27.8           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2210           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     614            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1308           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1308           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  18.7           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1640           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     456            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               961            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               961            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 1:13:38 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1390           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     386            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               822            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               822            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1195           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1195        15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                332         4                     v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1388        18                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1388   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1388          4800            No
      Fi   F
     v  = v - v            1370          4800            No
      FO   F   R
     v                     18            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1388          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.0     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1180           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1180        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                328         78                    v
Trucks and buses                       9           1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1370        316                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1370   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1686          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1370          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.286
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1460        100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                406         28                    v
Trucks and buses                       8           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1687        118                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1687   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1687          4800            No
      Fi   F
     v  = v - v            1569          4800            No
      FO   F   R
     v                     118           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1687          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.439
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1360           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              710            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1360        710                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                378         197                   v
Trucks and buses                       8           13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1572        943                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1572   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2515          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1572          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.313
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2070           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              240            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2070        240                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                575         67                    v
Trucks and buses                       10          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2415        299                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2415   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2415          4800            No
      Fi   F
     v  = v - v            2116          4800            No
      FO   F   R
     v                     299           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2415          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3250        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                903         36                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        149                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3792   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3941          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3792          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.4    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1830           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1420           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1830        1420                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                508         394                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2135        1625                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3760          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.453
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1620           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              970            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1620        970                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                450         269                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1899        1126                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1899   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1899          4800            No
      Fi   F
     v  = v - v            773           4800            No
      FO   F   R
     v                     1126          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1899          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.399
                                              S
Space mean speed in ramp influence area,     S  = 58.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.8    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           650            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        650         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                181         19                    v
Trucks and buses                       11          16                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.806
Driver population factor, fP           1.00        1.00
Flow rate, vp                          762         96                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  762    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     858           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                762           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.1     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           720            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              240            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        720         240                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                200         67                    v
Trucks and buses                       22          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          888         267                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  888    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                888           4800            No
      Fi   F
     v  = v - v            621           4800            No
      FO   F   R
     v                     267           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                888           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.7     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         17                    v
Trucks and buses                       22          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          592         75                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  592    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     667           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                592           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           540            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        540         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                150         14                    v
Trucks and buses                       18          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          654         59                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  654    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                654           4800            No
      Fi   F
     v  = v - v            595           4800            No
      FO   F   R
     v                     59            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                654           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.7     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.433
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           505            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        505         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                140         4                     v
Trucks and buses                       18          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          612         17                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  612    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     629           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                612           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.4     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           705            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        705         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                196         4                     v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          862         17                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  862    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                862           4800            No
      Fi   F
     v  = v - v            845           4800            No
      FO   F   R
     v                     17            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                862           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           690            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        690         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                192         28                    v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          843         118                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  843    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     961           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                843           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.9     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           790            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        790         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                219         19                    v
Trucks and buses                       18          10                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.870
Driver population factor, fP           1.00        1.00
Flow rate, vp                          957         89                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  957    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                957           4800            No
      Fi   F
     v  = v - v            868           4800            No
      FO   F   R
     v                     89            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                957           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.436
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           720            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              370            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        720         370                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                200         103                   v
Trucks and buses                       18          24                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.735
Driver population factor, fP           1.00        1.00
Flow rate, vp                          872         559                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  872    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1431          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                872           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.281
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1090           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1090        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                303         33                    v
Trucks and buses                       21          10                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.870
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1338        153                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1338   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1338          4800            No
      Fi   F
     v  = v - v            1185          4800            No
      FO   F   R
     v                     153           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1338          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1950           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1950        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                542         6                     v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2394        23                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2394   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2417          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2394          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   18.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.295
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           970            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              980            vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        970         980                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                269         272                   v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1191        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1191   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2329          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1191          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.0-   pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.326
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3210           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1320           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3210        1320                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                892         367                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3727        1511                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3727   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3727          4800            No
      Fi   F
     v  = v - v            2216          4800            No
      FO   F   R
     v                     1511          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3727          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.434
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1890           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              320            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1890        320                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                525         89                    v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2195        377                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2195   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2572          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2195          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.316
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2210           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              670            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2210        670                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                614         186                   v
Trucks and buses                       13          17                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.797
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2615        934                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2615   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2615          4800            No
      Fi   F
     v  = v - v            1681          4800            No
      FO   F   R
     v                     934           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2615          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.512
                                              S
Space mean speed in ramp influence area,     S  = 55.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 55.7    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1540           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1540        100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                428         28                    v
Trucks and buses                       13          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1822        124                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1822   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1946          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1822          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1640           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1640        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                456         78                    v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1922        316                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1922   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1922          4800            No
      Fi   F
     v  = v - v            1606          4800            No
      FO   F   R
     v                     316           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1922          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 1:13:38 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1360           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              30             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1360        30                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                378         8                     v
Trucks and buses                       11          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1594        37                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1594   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1631          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1594          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1325           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     368            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               773            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               773            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.0+          pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1730           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     481            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1000           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1000           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  14.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2410           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     669            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1406           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1406           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  20.1           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1089           v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               2243           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2243           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              58.8           mi/h
Number of lanes, N                          2
Density, D                                  38.1           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2010           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     558            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1178           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1178           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   890            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     247            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               546            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               546            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  7.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   630            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     175            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               383            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               383            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.5            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   565            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     157            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               345            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               345            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   795            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     221            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               488            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               488            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  7.0            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   930            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     258            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               566            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               566            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  8.1            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1320           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     367            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               807            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               807            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.5           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2390           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     664            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1407           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1407           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  20.1           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3840           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1067           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               2229           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2229           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              59.3           mi/h
Number of lanes, N                          2
Density, D                                  37.6           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2620           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     728            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1550           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1550           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.6           mi/h
Number of lanes, N                          2
Density, D                                  22.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1940           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     539            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1137           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1137           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/3/2008 1:55:41 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1560           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     433            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               923            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               923            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1325           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1325        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                368         7                     v
Trucks and buses                       10          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1546        29                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1546   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1546          4800            No
      Fi   F
     v  = v - v            1517          4800            No
      FO   F   R
     v                     29            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1546          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1300           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1300        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                361         119                   v
Trucks and buses                       10          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1517        485                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1517   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2002          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1517          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.294
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1730           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              140            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1730        140                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                481         39                    v
Trucks and buses                       8           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1999        165                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1999   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1999          4800            No
      Fi   F
     v  = v - v            1834          4800            No
      FO   F   R
     v                     165           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1999          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.443
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1590           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              820            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1590        820                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                442         228                   v
Trucks and buses                       8           13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1837        1089                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1837   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2926          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1837          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.338
                                              S
Space mean speed in ramp influence area,     S  = 60.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2410           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2410        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                669         78                    v
Trucks and buses                       10          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2812        344                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2812   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2812          4800            No
      Fi   F
     v  = v - v            2468          4800            No
      FO   F   R
     v                     344           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2812          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.459
                                              S
Space mean speed in ramp influence area,     S  = 57.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3780           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              140            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3780        140                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1050        39                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4410        160                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  4410   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4570          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4410          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   34.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.628
                                              S
Space mean speed in ramp influence area,     S  = 52.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 52.4    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2130           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1650           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2130        1650                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                592         458                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2485        1888                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2485   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4373          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2485          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   35.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.595
                                              S
Space mean speed in ramp influence area,     S  = 53.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 53.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2010           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1220           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2010        1220                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                558         339                   v
Trucks and buses                       11          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2356        1437                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2356   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2356          4800            No
      Fi   F
     v  = v - v            919           4800            No
      FO   F   R
     v                     1437          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2356          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.427
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           790            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        790         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                219         28                    v
Trucks and buses                       11          13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          926         133                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  926    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1059          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                926           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   8.7     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.276
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           890            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              330            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        890         330                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                247         92                    v
Trucks and buses                       21          23                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.743
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1093        493                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1093   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1093          4800            No
      Fi   F
     v  = v - v            600           4800            No
      FO   F   R
     v                     493           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1093          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.472
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           560            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        560         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                156         19                    v
Trucks and buses                       21          10                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.870
Driver population factor, fP           1.00        1.00
Flow rate, vp                          688         89                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  688    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     777           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                688           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.5     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           630            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        630         90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                175         25                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          767         103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  767    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                767           4800            No
      Fi   F
     v  = v - v            664           4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                767           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           540            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        540         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                150         7                     v
Trucks and buses                       19          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          657         28                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  657    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     685           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                657           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.8     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           795            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        795         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                221         7                     v
Trucks and buses                       21          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          976         28                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  976    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                976           4800            No
      Fi   F
     v  = v - v            948           4800            No
      FO   F   R
     v                     28            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                976           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.4     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           770            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        770         160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                214         44                    v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          945         186                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  945    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1131          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                945           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.2     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.277
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           930            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        930         90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                258         25                    v
Trucks and buses                       19          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1132        117                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1132   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1132          4800            No
      Fi   F
     v  = v - v            1015          4800            No
      FO   F   R
     v                     117           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1132          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.8     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.439
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           840            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              480            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        840         480                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                233         133                   v
Trucks and buses                       19          21                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.760
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1022        701                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1022   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1723          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1022          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.287
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1320           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              150            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1320        150                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                367         42                    v
Trucks and buses                       20          9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1613        189                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1613   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1613          4800            No
      Fi   F
     v  = v - v            1424          4800            No
      FO   F   R
     v                     189           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1613          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2370           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2370        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                658         6                     v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2897        24                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2897   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2921          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2897          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.323
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.9    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1170           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1200           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1170        1200                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                325         333                   v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1430        1413                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1430   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2843          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1430          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   23.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.353
                                              S
Space mean speed in ramp influence area,     S  = 60.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3840           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1590           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3840        1590                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1067        442                   v
Trucks and buses                       9           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4459        1846                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4459   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4459          4800            No
      Fi   F
     v  = v - v            2613          4800            No
      FO   F   R
     v                     1846          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4459          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   35.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.464
                                              S
Space mean speed in ramp influence area,     S  = 57.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.0    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              370            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2250        370                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                625         103                   v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2613        436                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2613   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3049          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2613          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   24.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.347
                                              S
Space mean speed in ramp influence area,     S  = 60.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2620           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              810            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2620        810                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                728         225                   v
Trucks and buses                       13          17                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.797
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3100        1129                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3100   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3100          4800            No
      Fi   F
     v  = v - v            1971          4800            No
      FO   F   R
     v                     1129          2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3100          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   23.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.530
                                              S
Space mean speed in ramp influence area,     S  = 55.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 55.2    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1810           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1810        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                503         36                    v
Trucks and buses                       13          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2142        162                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2142   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2304          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2142          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   18.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.304
                                              S
Space mean speed in ramp influence area,     S  = 61.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1940           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1940        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                539         117                   v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2274        474                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2274   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2274          4800            No
      Fi   F
     v  = v - v            1800          4800            No
      FO   F   R
     v                     474           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2274          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.8    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/3/2008 1:55:41 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1520           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              40             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1520        40                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                422         11                    v
Trucks and buses                       11          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1782        48                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1782   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1830          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1782          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.289
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2015 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2400           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     667            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1393           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1393           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  19.9           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     811            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1687           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1687           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.9           mi/h
Number of lanes, N                          2
Density, D                                  24.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.
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                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3360           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     933            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1319           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1319           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  18.8           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4480           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1244           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1734           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1734           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.5           mi/h
Number of lanes, N                          3
Density, D                                  25.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner Proposed Action + Indirect Effects - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5760           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1600           v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               2219           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2219           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              59.6           mi/h
Number of lanes, N                          3
Density, D                                  37.3           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3700           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1028           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1453           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1453           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.9           mi/h
Number of lanes, N                          3
Density, D                                  20.8           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner Proposed Action + Indirect Effects - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2550           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     708            v
Trucks and buses                            16             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.926
Driver population factor, fp                1.00
Flow rate, vp                               1020           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1020           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  14.6           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1750           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     486            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               713            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               713            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  10.2           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner Proposed Action + Indirect Effects - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1280           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     356            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               779            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               779            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     333            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               733            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               733            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.5           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner Proposed Action + Indirect Effects - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     383            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               851            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               851            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               959            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               959            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2130           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     592            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               872            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               872            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  12.5           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3020           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     839            v
Trucks and buses                            16             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.926
Driver population factor, fp                1.00
Flow rate, vp                               1208           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1208           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  17.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4410           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1225           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1731           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1731           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.5           mi/h
Number of lanes, N                          3
Density, D                                  25.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5560           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1544           v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               2173           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2173           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              60.9           mi/h
Number of lanes, N                          3
Density, D                                  35.7           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4790           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1331           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1881           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1881           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.8           mi/h
Number of lanes, N                          3
Density, D                                  28.1           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3640           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1011           v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               1449           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1449           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.9           mi/h
Number of lanes, N                          3
Density, D                                  20.7           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3190           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     886            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1870           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1870           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.0           mi/h
Number of lanes, N                          2
Density, D                                  27.9           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:11:35 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2720           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     756            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1609           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1609           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.4           mi/h
Number of lanes, N                          2
Density, D                                  23.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2400           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2400        160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                667         44                    v
Trucks and buses                       9           6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2787        194                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2787   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2787          4800            No
      Fi   F
     v  = v - v            2593          4800            No
      FO   F   R
     v                     194           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2787          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2240           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              680            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2240        680                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                622         189                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2601        778                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2601   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3379          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2601          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.379
                                              S
Space mean speed in ramp influence area,     S  = 59.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2920           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              330            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2920        330                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                811         92                    v
Trucks and buses                       8           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3374        383                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3374   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3374          4800            No
      Fi   F
     v  = v - v            2991          4800            No
      FO   F   R
     v                     383           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3374          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.462
                                              S
Space mean speed in ramp influence area,     S  = 57.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2590           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              770            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2590        770                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                719         214                   v
Trucks and buses                       8           22                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.752
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2993        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1796   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4131          7200            No
      FO
     v     v               1197 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1796          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.338
                                              S
Space mean speed in ramp influence area,     S  = 60.5    mph
                                              R
Space mean speed in outer lanes,             S  = 67.5    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3360           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              400            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3360        400                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                933         111                   v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3957        458                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.640   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2697   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3957          7200            No
      Fi   F
     v  = v - v            3499          7200            No
      FO   F   R
     v                     458           2000            No
      R
     v     v               1260 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2697          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   20.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.469
                                              S
Space mean speed in ramp influence area,     S  = 56.9    mph
                                              R
Space mean speed in outer lanes,             S  = 75.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2960           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2960        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                822         422                   v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3486        1740                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2091   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5226          7200            No
      FO
     v     v               1395 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2091          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  = 66.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.8    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4480           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              860            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4480        860                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1244        239                   v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5202        1013                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.583   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3457   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5202          7200            No
      Fi   F
     v  = v - v            4189          7200            No
      FO   F   R
     v                     1013          2000            No
      R
     v     v               1745 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3457          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.519
                                              S
Space mean speed in ramp influence area,     S  = 55.5    mph
                                              R
Space mean speed in outer lanes,             S  = 73.9    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              510            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5250        510                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1458        142                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6096        584                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  3691   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6680          7200            No
      FO
     v     v               2405 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3691          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   32.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.531
                                              S
Space mean speed in ramp influence area,     S  = 55.1    mph
                                              R
Space mean speed in outer lanes,             S  = 62.8    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3620           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1630           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3620        1630                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1006        453                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4203        1865                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  2486   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6068          7200            No
      FO
     v     v               1717 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2486          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   35.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.588
                                              S
Space mean speed in ramp influence area,     S  = 53.5    mph
                                              R
Space mean speed in outer lanes,             S  = 65.6    mph
                                              0
Space mean speed for all vehicles,           S  = 56.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3700           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1580           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3700        1580                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1028        439                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4358        1835                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2970   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4358          7200            No
      Fi   F
     v  = v - v            2523          7200            No
      FO   F   R
     v                     1835          4100            No
      R
     v     v               1388 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2970          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.463
                                              S
Space mean speed in ramp influence area,     S  = 57.0    mph
                                              R
Space mean speed in outer lanes,             S  = 75.3    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2110           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2110        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                586         117                   v
Trucks and buses                       12          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2485        516                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1491   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3001          7200            No
      FO
     v     v               994  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1491          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.294
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  = 68.2    mph
                                              0
Space mean speed for all vehicles,           S  = 63.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2550           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              870            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2550        870                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                708         242                   v
Trucks and buses                       16          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3060        1068                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.634   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2332   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3060          7200            No
      Fi   F
     v  = v - v            1992          7200            No
      FO   F   R
     v                     1068          2000            No
      R
     v     v               728  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2332          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.524
                                              S
Space mean speed in ramp influence area,     S  = 55.3    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.3    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         50                    v
Trucks and buses                       16          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1884        209                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1130   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2093          7200            No
      FO
     v     v               754  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1130          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.280
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  = 69.1    mph
                                              0
Space mean speed for all vehicles,           S  = 64.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1750           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              580            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1750        580                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                486         161                   v
Trucks and buses                       20          19                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.778
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2139        828                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.668   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1704   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2139          7200            No
      Fi   F
     v  = v - v            1311          7200            No
      FO   F   R
     v                     828           2000            No
      R
     v     v               435  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1704          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.503
                                              S
Space mean speed in ramp influence area,     S  = 55.9    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.2    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1160           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1160        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                322         33                    v
Trucks and buses                       20          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1418        145                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1418   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1563          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1418          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.284
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1280           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              170            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1280        170                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                356         47                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1557        200                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1557   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1557          4800            No
      Fi   F
     v  = v - v            1357          4800            No
      FO   F   R
     v                     200           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1557          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.446
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1110           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1110        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                308         25                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1351        103                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1351   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1454          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1351          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.282
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1380           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1380        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                383         25                    v
Trucks and buses                       22          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1702        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1702   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1702          4800            No
      Fi   F
     v  = v - v            1599          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1702          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1290           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1290        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                358         78                    v
Trucks and buses                       22          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1591        330                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1591   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1921          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1591          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         36                    v
Trucks and buses                       20          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1919        162                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1919   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1919          4800            No
      Fi   F
     v  = v - v            1757          4800            No
      FO   F   R
     v                     162           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1919          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.443
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1440           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              690            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1440        690                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                400         192                   v
Trucks and buses                       20          23                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.743
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1760        1031                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1056   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2791          7200            No
      FO
     v     v               704  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1056          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.296
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 63.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2130           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              200            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2130        200                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                592         56                    v
Trucks and buses                       21          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2615        242                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.683   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1864   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2615          7200            No
      Fi   F
     v  = v - v            2373          7200            No
      FO   F   R
     v                     242           2000            No
      R
     v     v               751  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1864          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.450
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1930           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1090           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1930        1090                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                536         303                   v
Trucks and buses                       21          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2370        1284                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1422   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3654          7200            No
      FO
     v     v               948  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1422          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.323
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  = 68.4    mph
                                              0
Space mean speed for all vehicles,           S  = 62.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3020           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              500            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3020        500                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                839         139                   v
Trucks and buses                       16          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3624        622                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.641   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2546   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3624          7200            No
      Fi   F
     v  = v - v            3002          7200            No
      FO   F   R
     v                     622           2000            No
      R
     v     v               1078 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2546          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   18.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.484
                                              S
Space mean speed in ramp influence area,     S  = 56.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.5    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3840           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              570            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3840        570                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1067        158                   v
Trucks and buses                       16          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4608        671                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  2790   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5279          7200            No
      FO
     v     v               1818 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2790          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.375
                                              S
Space mean speed in ramp influence area,     S  = 59.5    mph
                                              R
Space mean speed in outer lanes,             S  = 65.3    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2520           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1320           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2520        1320                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                700         367                   v
Trucks and buses                       16          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3024        1555                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  1789   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4579          7200            No
      FO
     v     v               1235 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1789          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   27.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.396
                                              S
Space mean speed in ramp influence area,     S  = 58.9    mph
                                              R
Space mean speed in outer lanes,             S  = 67.4    mph
                                              0
Space mean speed for all vehicles,           S  = 61.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5560           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1700           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5560        1700                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1544        472                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6518        1974                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4019   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                6518          7200            No
      Fi   F
     v  = v - v            4544          7200            No
      FO   F   R
     v                     1974          4100            No
      R
     v     v               2499 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4019          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 70.9    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3860           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              930            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3860        930                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1072        258                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4525        1080                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2715   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5605          7200            No
      FO
     v     v               1810 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2715          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.438
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  = 65.3    mph
                                              0
Space mean speed for all vehicles,           S  = 60.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4790           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              1570           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4790        1570                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1331        436                   v
Trucks and buses                       12          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5642        1849                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.534   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3874   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5642          7200            No
      Fi   F
     v  = v - v            3793          7200            No
      FO   F   R
     v                     1849          2000            No
      R
     v     v               1768 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3874          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   30.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.594
                                              S
Space mean speed in ramp influence area,     S  = 53.4    mph
                                              R
Space mean speed in outer lanes,             S  = 73.8    mph
                                              0
Space mean speed for all vehicles,           S  = 58.4    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3220           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3220        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                894         117                   v
Trucks and buses                       12          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        495                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2275   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4287          7200            No
      FO
     v     v               1517 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2275          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.327
                                              S
Space mean speed in ramp influence area,     S  = 60.8    mph
                                              R
Space mean speed in outer lanes,             S  = 66.3    mph
                                              0
Space mean speed for all vehicles,           S  = 62.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3640           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              810            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3640        810                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1011        225                   v
Trucks and buses                       15          25                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.727
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4348        1237                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.594   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3086   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4348          7200            No
      Fi   F
     v  = v - v            3111          7200            No
      FO   F   R
     v                     1237          2000            No
      R
     v     v               1262 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3086          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   23.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.539
                                              S
Space mean speed in ramp influence area,     S  = 54.9    mph
                                              R
Space mean speed in outer lanes,             S  = 75.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.7    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2830           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              360            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2830        360                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                786         100                   v
Trucks and buses                       15          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3380        424                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3380   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3804          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3380          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.440
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3190           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              660            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3190        660                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                886         183                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3739        755                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3739   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3739          4800            No
      Fi   F
     v  = v - v            2984          4800            No
      FO   F   R
     v                     755           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3739          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.496
                                              S
Space mean speed in ramp influence area,     S  = 56.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.1    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:11:35 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2530           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2530        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                703         53                    v
Trucks and buses                       11          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2966        224                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2966   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3190          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2966          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.360
                                              S
Space mean speed in ramp influence area,     S  = 59.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.9    mph
_______________________________________________________________________________

2030 Gardner IMF Operations + Induced Development - PM Peak Hour - HCS Freeway Ramps



Appendix G:
Results of Operational Analysis 

Wellsville North No Action,
Wellsville North Alternative, and

Future Wellsville North Alternative IMF Operations 

Synchro Analysis

1. 2010 Wellsville North No Action 
2. 2010 Wellsville North Alternative 
3. 2015 Wellsville North No Action 
4. 2015 Wellsville North Alternative 
5. 2030 Wellsville North No Action 
6. 2030 Wellsville North Alternative 

HCS Analysis

1. 2010 Wellsville North No Action 
2. 2010 Wellsville North Alternative 
3. 2015 Wellsville North No Action 
4. 2015 Wellsville North Alternative 
5. 2030 Wellsville North No Action 
6. 2030 Wellsville North Alternative 



BNSF NEPA Traffic Study 2010 No-Action Wellsville
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 20 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 24 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 611 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 611 617 352 642 590 90
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.6 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 94 99
cM capacity (veh/h) 1449 1214 370 384 696 296 395 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 145
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 393 329
Volume to Capacity 0.05 0.00 0.28 0.44
Queue Length 95th (ft) 4 0 28 54
Control Delay (s) 1.7 0.0 17.6 24.3
Lane LOS A C C
Approach Delay (s) 1.7 0.0 17.6 24.3
Approach LOS C C

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 45.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 550 60 100 210 100 70 320 190 140 200 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3393 3188 1805 1725 1736 1808
Flt Permitted 0.89 0.63 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3043 2020 1144 1725 460 1808
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 632 69 115 241 115 80 368 218 161 230 23
RTOR Reduction (vph) 0 16 0 0 64 0 0 31 0 0 5 0
Lane Group Flow (vph) 0 731 0 0 407 0 80 555 0 161 248 0
Heavy Vehicles (%) 3% 5% 2% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.7 17.7 19.4 19.4 19.4 19.4
Effective Green, g (s) 17.7 17.7 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.36 0.36 0.40 0.40 0.40 0.40
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1104 733 455 686 183 719
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.24 0.20 0.07 c0.35
v/c Ratio 0.66 0.55 0.18 0.81 0.88 0.34
Uniform Delay, d1 13.0 12.4 9.5 13.1 13.6 10.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.9 0.2 7.0 34.7 0.3
Delay (s) 14.5 13.3 9.7 20.0 48.3 10.5
Level of Service B B A C D B
Approach Delay (s) 14.5 13.3 18.8 25.2
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Wellsville
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1710 40 20 470 0 0 0 0 50 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1800 42 21 495 0 0 0 0 53 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.65 0.65 0.65 0.65 0.65 0.65
vC, conflicting volume 495 1842 2111 2358 921 1437 2379 247
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 495 1229 1639 2018 0 608 2050 247
tC, single (s) 4.1 4.3 7.5 6.5 6.9 7.7 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.3 3.5 4.0 3.3 3.6 4.0 3.3
p0 queue free % 100 94 100 100 100 77 100 100
cM capacity (veh/h) 1079 340 42 36 713 226 35 750

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 1200 642 21 247 247 53 0
Volume Left 0 0 21 0 0 53 0
Volume Right 0 42 0 0 0 0 0
cSH 1700 1700 340 1700 1700 226 1700
Volume to Capacity 0.71 0.38 0.06 0.15 0.15 0.23 0.00
Queue Length 95th (ft) 0 0 5 0 0 22 0
Control Delay (s) 0.0 0.0 16.3 0.0 0.0 25.7 0.0
Lane LOS C D A
Approach Delay (s) 0.0 0.7 25.7
Approach LOS D

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 58.5% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 350 0 0 350 130 150 0 90 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 398 0 0 398 148 170 0 102 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 398 869 943 199 773 869 472
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 398 869 943 199 773 869 472
tC, single (s) 4.1 4.1 7.7 6.5 7.0 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 100 28 100 87 100 100 100
cM capacity (veh/h) 1034 1172 236 265 803 255 292 544

Direction, Lane # EB 1 EB 2 WB 1 NB 1
Volume Total 199 199 545 273
Volume Left 0 0 0 170
Volume Right 0 0 148 102
cSH 1700 1700 1700 321
Volume to Capacity 0.12 0.12 0.32 0.85
Queue Length 95th (ft) 0 0 0 188
Control Delay (s) 0.0 0.0 0.0 55.9
Lane LOS F
Approach Delay (s) 0.0 0.0 55.9
Approach LOS F

Intersection Summary
Average Delay 12.5
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15

2010 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 10 60 250 0 5 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 13 76 316 0 6 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 595 316 601 589 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 595 316 601 589 108 114 316
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 94 100 97 98 99 95 99
cM capacity (veh/h) 385 396 729 378 400 925 1469 1255

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 392 120
Volume Left 0 13 76 6
Volume Right 0 13 0 13
cSH 396 502 1469 1255
Volume to Capacity 0.06 0.06 0.05 0.01
Queue Length 95th (ft) 5 5 4 0
Control Delay (s) 14.7 12.7 1.9 0.5
Lane LOS B B A A
Approach Delay (s) 14.7 12.7 1.9 0.5
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 310 10 0 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 392 13 0 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 509 104 509 506 399 108 405
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 509 104 509 506 399 108 405
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 100 97 97 99 100 100
cM capacity (veh/h) 459 470 956 468 472 655 1496 1165

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 405 108
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 466 498 1496 1165
Volume to Capacity 0.04 0.06 0.00 0.00
Queue Length 95th (ft) 3 5 0 0
Control Delay (s) 13.1 12.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.1 12.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 26.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 5 10 310 0 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 7 13 408 0 7 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 566 408 582 566 118 118 408
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 566 408 582 566 118 118 408
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 412 430 648 409 430 939 1482 1162

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 20 421 125
Volume Left 7 0 13 7
Volume Right 13 7 0 0
cSH 510 525 1482 1162
Volume to Capacity 0.05 0.04 0.01 0.01
Queue Length 95th (ft) 4 3 1 0
Control Delay (s) 12.4 12.1 0.3 0.5
Lane LOS B B A A
Approach Delay (s) 12.4 12.1 0.3 0.5
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 320 5 0 90 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 416 6 0 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 542 120 552 542 419 123 422
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 542 120 552 542 419 123 422
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 447 450 937 435 450 639 1476 1148

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 422 123
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 501 639 1476 1148
Volume to Capacity 0.06 0.01 0.00 0.00
Queue Length 95th (ft) 5 1 0 0
Control Delay (s) 12.7 10.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.7 10.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 390 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 390 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.2 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.2 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 40 5 20 0 0 240 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 46 6 23 0 0 276 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 362 316 282 316 322 23 287 23
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 362 316 282 316 322 23 287 23
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 100 96 100 100
cM capacity (veh/h) 569 600 762 619 596 1051 1286 1605

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 57 29 287
Volume Left 11 6 0
Volume Right 46 0 11
cSH 922 1286 1700
Volume to Capacity 0.06 0.00 0.17
Queue Length 95th (ft) 5 0 0
Control Delay (s) 9.2 1.6 0.0
Lane LOS A A
Approach Delay (s) 9.2 1.6 0.0
Approach LOS A

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 23.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 0 5 0 0 0 0 10 40 240 10 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 11 0 6 0 0 0 0 11 46 276 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 598 621 11 603 598 34 11 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 598 621 11 603 598 34 11 57
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.6 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 100 99 100 100 100 100 82
cM capacity (veh/h) 348 334 1075 355 344 1044 1621 1553

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 17 57 287
Volume Left 11 0 276
Volume Right 6 46 0
cSH 449 1700 1553
Volume to Capacity 0.04 0.03 0.18
Queue Length 95th (ft) 3 0 16
Control Delay (s) 13.3 0.0 7.6
Lane LOS B A
Approach Delay (s) 13.3 0.0 7.6
Approach LOS B

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 30.5% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 260 20 20 70 5 10 5 50 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 283 22 22 76 5 11 5 54 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 304 432 429 293 484 438 79
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 304 432 429 293 484 438 79
tC, single (s) 4.1 4.2 7.2 6.9 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.4 3.3 3.5 4.0 3.3
p0 queue free % 100 98 98 99 93 95 98 100
cM capacity (veh/h) 1529 1212 503 455 746 449 505 987

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 310 103 71 33
Volume Left 5 22 11 22
Volume Right 22 5 54 0
cSH 1529 1212 664 466
Volume to Capacity 0.00 0.02 0.11 0.07
Queue Length 95th (ft) 0 1 9 6
Control Delay (s) 0.2 1.8 11.1 13.3
Lane LOS A A B B
Approach Delay (s) 0.2 1.8 11.1 13.3
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 28.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 110 5 0 5 20 50 0 5 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 139 6 0 6 25 63 0 6 152 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 285 278 152 418 278 63 152 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 285 278 152 418 278 63 152 63
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 84 99 100 99 98 100
cM capacity (veh/h) 656 619 897 456 619 1007 1411 1552

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 139 13 89 158
Volume Left 0 6 25 6
Volume Right 139 6 0 0
cSH 897 628 1411 1552
Volume to Capacity 0.16 0.02 0.02 0.00
Queue Length 95th (ft) 14 2 1 0
Control Delay (s) 9.7 10.9 2.3 0.3
Lane LOS A B A A
Approach Delay (s) 9.7 10.9 2.3 0.3
Approach LOS A B

Intersection Summary
Average Delay 4.4
Intersection Capacity Utilization 23.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 10 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 95 14 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 27 142 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 27 142 20
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 94 99
cM capacity (veh/h) 1600 848 1008

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 108 27 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1600 1700 876
Volume to Capacity 0.01 0.02 0.08
Queue Length 95th (ft) 1 0 6
Control Delay (s) 1.0 0.0 9.5
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.5
Approach LOS A

Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 0 5 10 0 5 0 70 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 0 8 15 0 8 0 106 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 23 8 121
Volume Left (vph) 8 0 0 106
Volume Right (vph) 0 15 0 8
Hadj (s) 0.07 -0.06 0.34 0.17
Departure Headway (s) 4.3 4.2 4.5 4.2
Degree Utilization, x 0.03 0.03 0.01 0.14
Capacity (veh/h) 812 836 783 848
Control Delay (s) 7.4 7.3 7.5 7.9
Approach Delay (s) 7.4 7.3 7.5 7.9
Approach LOS A A A A

Intersection Summary
Delay 7.7
HCM Level of Service A
Intersection Capacity Utilization 22.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 5 0 5 5 0 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 10 0 10 10 0 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 40 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 40 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 99
cM capacity (veh/h) 1623 971 1077

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 10 20 10
Volume Left 0 10 0
Volume Right 0 0 10
cSH 1700 1623 1077
Volume to Capacity 0.01 0.01 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 3.6 8.4
Lane LOS A A
Approach Delay (s) 0.0 3.6 8.4
Approach LOS A

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 20 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 24 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 611 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 611 617 352 642 590 90
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 94 99
cM capacity (veh/h) 1449 1214 370 384 696 295 396 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 145
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 393 328
Volume to Capacity 0.05 0.00 0.28 0.44
Queue Length 95th (ft) 4 0 28 54
Control Delay (s) 1.7 0.0 17.6 24.4
Lane LOS A C C
Approach Delay (s) 1.7 0.0 17.6 24.4
Approach LOS C C

Intersection Summary
Average Delay 7.7
Intersection Capacity Utilization 45.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 550 60 100 210 100 70 320 190 140 200 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.99
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3393 3188 1805 1725 1736 1808
Flt Permitted 0.89 0.63 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3043 2020 1144 1725 460 1808
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 632 69 115 241 115 80 368 218 161 230 23
RTOR Reduction (vph) 0 16 0 0 64 0 0 31 0 0 5 0
Lane Group Flow (vph) 0 731 0 0 407 0 80 555 0 161 248 0
Heavy Vehicles (%) 3% 5% 2% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 17.7 17.7 19.4 19.4 19.4 19.4
Effective Green, g (s) 17.7 17.7 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.36 0.36 0.40 0.40 0.40 0.40
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1104 733 455 686 183 719
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.24 0.20 0.07 c0.35
v/c Ratio 0.66 0.55 0.18 0.81 0.88 0.34
Uniform Delay, d1 13.0 12.4 9.5 13.1 13.6 10.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.5 0.9 0.2 7.0 34.7 0.3
Delay (s) 14.5 13.3 9.7 20.0 48.3 10.5
Level of Service B B A C D B
Approach Delay (s) 14.5 13.3 18.8 25.2
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 48.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1710 40 20 470 0 0 0 0 50 0 920
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3513 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3513 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1800 42 21 495 0 0 0 0 53 0 968
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 74
Lane Group Flow (vph) 0 1840 0 21 495 0 0 0 0 53 0 894
Heavy Vehicles (%) 0% 2% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom custom
Protected Phases 5 2 1 6 5
Permitted Phases 4 4
Actuated Green, G (s) 32.8 1.4 13.2 2.8 23.8
Effective Green, g (s) 32.8 1.4 13.2 2.8 23.8
Actuated g/C Ratio 0.63 0.03 0.25 0.05 0.46
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2216 44 936 88 1529
v/s Ratio Prot c0.52 0.01 c0.13 c0.24
v/s Ratio Perm 0.03 0.09
v/c Ratio 0.83 0.48 0.53 0.60 0.58
Uniform Delay, d1 7.4 24.9 16.7 24.1 10.4
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.8 7.9 2.1 11.1 0.6
Delay (s) 11.2 32.9 18.9 35.1 11.0
Level of Service B C B D B
Approach Delay (s) 11.2 19.4 0.0 12.3
Approach LOS B B A B

Intersection Summary
HCM Average Control Delay 12.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.77
Actuated Cycle Length (s) 52.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 350 0 0 350 130 150 5 90 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.96 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1807 1648
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1807 1648
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 398 0 0 398 148 170 6 102 0 0 0
RTOR Reduction (vph) 0 0 0 0 28 0 0 61 0 0 0 0
Lane Group Flow (vph) 0 398 0 0 518 0 0 217 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 1% 2% 8% 0% 4% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 19.5 19.5 10.5
Effective Green, g (s) 19.5 19.5 10.5
Actuated g/C Ratio 0.49 0.49 0.26
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1816 881 433
v/s Ratio Prot 0.11 c0.29
v/s Ratio Perm 0.13
v/c Ratio 0.22 0.59 0.50
Uniform Delay, d1 5.9 7.4 12.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 0.3 2.9 0.9
Delay (s) 6.2 10.2 13.4
Level of Service A B B
Approach Delay (s) 6.2 10.2 13.4 0.0
Approach LOS A B B A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 40.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2010 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 10 60 250 0 5 80 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 13 76 316 0 6 101 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 595 316 601 589 108 114 316
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 595 316 601 589 108 114 316
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 94 100 97 98 99 95 99
cM capacity (veh/h) 385 396 729 378 400 925 1469 1255

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 392 120
Volume Left 0 13 76 6
Volume Right 0 13 0 13
cSH 396 502 1469 1255
Volume to Capacity 0.06 0.06 0.05 0.01
Queue Length 95th (ft) 5 5 4 0
Control Delay (s) 14.7 12.7 1.9 0.5
Lane LOS B B A A
Approach Delay (s) 14.7 12.7 1.9 0.5
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 37.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 5 10 10 5 0 310 10 0 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 6 13 13 6 0 392 13 0 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 516 509 104 516 506 399 108 405
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 516 509 104 516 506 399 108 405
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 99 97 97 99 100 100
cM capacity (veh/h) 459 470 956 460 472 655 1496 1165

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 25 32 405 108
Volume Left 6 13 0 0
Volume Right 6 6 13 6
cSH 534 494 1496 1165
Volume to Capacity 0.05 0.06 0.00 0.00
Queue Length 95th (ft) 4 5 0 0
Control Delay (s) 12.1 12.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.1 12.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 26.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 5 10 310 0 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 7 13 408 0 7 118 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 579 566 408 582 566 118 118 408
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 579 566 408 582 566 118 118 408
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 412 430 648 409 430 939 1482 1162

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 20 421 125
Volume Left 7 0 13 7
Volume Right 13 7 0 0
cSH 510 525 1482 1162
Volume to Capacity 0.05 0.04 0.01 0.01
Queue Length 95th (ft) 4 3 1 0
Control Delay (s) 12.4 12.1 0.3 0.5
Lane LOS B B A A
Approach Delay (s) 12.4 12.1 0.3 0.5
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 320 5 0 90 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 416 6 0 117 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 545 542 120 552 542 419 123 422
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 545 542 120 552 542 419 123 422
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 447 450 937 435 450 639 1476 1148

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 422 123
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 501 639 1476 1148
Volume to Capacity 0.06 0.01 0.00 0.00
Queue Length 95th (ft) 5 1 0 0
Control Delay (s) 12.7 10.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.7 10.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.9% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 320 60 5 90 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 405 76 6 114 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 595 633 114 611 595 443 114 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 595 633 114 611 595 443 114 481
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 99 99
cM capacity (veh/h) 414 394 944 390 414 619 1488 1092

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 494 120
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 566 390 1488 1092
Volume to Capacity 0.04 0.10 0.01 0.01
Queue Length 95th (ft) 4 8 1 0
Control Delay (s) 11.7 15.2 0.3 0.5
Lane LOS B C A A
Approach Delay (s) 11.7 15.2 0.3 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 350 50 10 110 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 449 64 13 141 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 513 647 481
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 513 647 481
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 1013 418 583

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 513 154 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 1013 531
Volume to Capacity 0.30 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.8 12.5
Lane LOS A B
Approach Delay (s) 0.0 0.8 12.5
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
26: 199th Street & Four Corners Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 60 30 10 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 71 36 12 6 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 48 125 42
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 48 125 42
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 100
cM capacity (veh/h) 1573 871 1035

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 77 48 6
Volume Left 6 0 6
Volume Right 0 12 0
cSH 1573 1700 871
Volume to Capacity 0.00 0.03 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.6 0.0 9.2
Lane LOS A A
Approach Delay (s) 0.6 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 17.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
27: 199th Street & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 60 20 10 5 20 40 10 230 10 30 60 30
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 67 22 11 6 22 45 11 258 11 34 67 34

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 101 73 281 135
Volume Left (vph) 67 6 11 34
Volume Right (vph) 11 45 11 34
Hadj (s) 0.11 -0.32 0.03 -0.07
Departure Headway (s) 5.1 4.7 4.5 4.6
Degree Utilization, x 0.14 0.10 0.35 0.17
Capacity (veh/h) 645 687 762 734
Control Delay (s) 8.9 8.2 10.0 8.6
Approach Delay (s) 8.9 8.2 10.0 8.6
Approach LOS A A B A

Intersection Summary
Delay 9.3
HCM Level of Service A
Intersection Capacity Utilization 37.2% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 40 5 20 0 0 240 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 46 6 23 0 0 276 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 362 316 282 316 322 23 287 23
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 362 316 282 316 322 23 287 23
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 100 96 100 100
cM capacity (veh/h) 569 600 762 619 596 1051 1286 1605

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 57 29 287
Volume Left 11 6 0
Volume Right 46 0 11
cSH 922 1286 1700
Volume to Capacity 0.06 0.00 0.17
Queue Length 95th (ft) 5 0 0
Control Delay (s) 9.2 1.6 0.0
Lane LOS A A
Approach Delay (s) 9.2 1.6 0.0
Approach LOS A

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 23.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 0 5 0 0 0 0 10 40 240 10 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 11 0 6 0 0 0 0 11 46 276 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 598 621 11 603 598 34 11 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 598 621 11 603 598 34 11 57
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.6 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 100 99 100 100 100 100 82
cM capacity (veh/h) 348 334 1075 355 344 1044 1621 1553

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 17 57 287
Volume Left 11 0 276
Volume Right 6 46 0
cSH 449 1700 1553
Volume to Capacity 0.04 0.03 0.18
Queue Length 95th (ft) 3 0 16
Control Delay (s) 13.3 0.0 7.6
Lane LOS B A
Approach Delay (s) 13.3 0.0 7.6
Approach LOS B

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 30.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 260 20 20 70 5 10 5 50 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 283 22 22 76 5 11 5 54 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 304 432 429 293 484 438 79
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 304 432 429 293 484 438 79
tC, single (s) 4.1 4.2 7.2 6.9 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.4 3.3 3.5 4.0 3.3
p0 queue free % 100 98 98 99 93 95 98 100
cM capacity (veh/h) 1529 1212 503 455 746 449 505 987

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 310 103 71 33
Volume Left 5 22 11 22
Volume Right 22 5 54 0
cSH 1529 1212 664 466
Volume to Capacity 0.00 0.02 0.11 0.07
Queue Length 95th (ft) 0 1 9 6
Control Delay (s) 0.2 1.8 11.1 13.3
Lane LOS A A B B
Approach Delay (s) 0.2 1.8 11.1 13.3
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 28.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 110 5 0 5 20 50 0 5 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 139 6 0 6 25 63 0 6 152 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 285 278 152 418 278 63 152 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 285 278 152 418 278 63 152 63
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 84 99 100 99 98 100
cM capacity (veh/h) 656 619 897 456 619 1007 1411 1552

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 139 13 89 158
Volume Left 0 6 25 6
Volume Right 139 6 0 0
cSH 897 628 1411 1552
Volume to Capacity 0.16 0.02 0.02 0.00
Queue Length 95th (ft) 14 2 1 0
Control Delay (s) 9.7 10.9 2.3 0.3
Lane LOS A B A A
Approach Delay (s) 9.7 10.9 2.3 0.3
Approach LOS A B

Intersection Summary
Average Delay 4.4
Intersection Capacity Utilization 23.9% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 70 10 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 95 14 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 27 142 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 27 142 20
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 94 99
cM capacity (veh/h) 1600 848 1008

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 108 27 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1600 1700 876
Volume to Capacity 0.01 0.02 0.08
Queue Length 95th (ft) 1 0 6
Control Delay (s) 1.0 0.0 9.5
Lane LOS A A
Approach Delay (s) 1.0 0.0 9.5
Approach LOS A

Intersection Summary
Average Delay 3.7
Intersection Capacity Utilization 20.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 0 5 10 0 5 0 70 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 0 8 15 0 8 0 106 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 23 8 121
Volume Left (vph) 8 0 0 106
Volume Right (vph) 0 15 0 8
Hadj (s) 0.07 -0.06 0.34 0.17
Departure Headway (s) 4.3 4.2 4.5 4.2
Degree Utilization, x 0.03 0.03 0.01 0.14
Capacity (veh/h) 812 836 783 848
Control Delay (s) 7.4 7.3 7.5 7.9
Approach Delay (s) 7.4 7.3 7.5 7.9
Approach LOS A A A A

Intersection Summary
Delay 7.7
HCM Level of Service A
Intersection Capacity Utilization 22.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 5 0 5 5 0 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 10 0 10 10 0 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 40 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 40 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 99
cM capacity (veh/h) 1623 971 1077

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 10 20 10
Volume Left 0 10 0
Volume Right 0 0 10
cSH 1700 1623 1077
Volume to Capacity 0.01 0.01 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 3.6 8.4
Lane LOS A A
Approach Delay (s) 0.0 3.6 8.4
Approach LOS A

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 14.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 398 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 450 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.8 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.8 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3301 3389 1770 1694 1736 1773
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2837 2650 1158 1694 813 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 38 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1180 0 69 273 0 161 201 0
Heavy Vehicles (%) 0% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.6 27.6 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.6 27.6 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1437 1342 323 472 227 494
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.71 0.41
Uniform Delay, d1 7.6 12.0 15.1 16.9 17.7 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 6.9 0.3 1.7 9.7 0.5
Delay (s) 7.7 18.9 15.4 18.6 27.4 16.5
Level of Service A B B B C B
Approach Delay (s) 7.7 18.9 18.1 21.1
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.5 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 No-Action Wellsville
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 1320 210 100 460 0 0 0 0 120 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 0 1389 221 105 484 0 0 0 0 126 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 986
pX, platoon unblocked 0.69 0.69 0.69 0.69 0.69 0.69
vC, conflicting volume 484 1611 1953 2195 805 1389 2305 242
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 484 987 1483 1834 0 667 1994 242
tC, single (s) 4.1 4.2 7.5 6.5 6.9 7.5 6.5 7.0
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 77 100 100 100 36 100 100
cM capacity (veh/h) 1089 468 50 41 753 197 33 756

Direction, Lane # EB 1 EB 2 WB 1 WB 2 WB 3 SB 1 SB 2
Volume Total 926 684 105 242 242 126 0
Volume Left 0 0 105 0 0 126 0
Volume Right 0 221 0 0 0 0 0
cSH 1700 1700 468 1700 1700 197 1700
Volume to Capacity 0.54 0.40 0.23 0.14 0.14 0.64 0.00
Queue Length 95th (ft) 0 0 21 0 0 94 0
Control Delay (s) 0.0 0.0 14.9 0.0 0.0 51.4 0.0
Lane LOS B F A
Approach Delay (s) 0.0 2.7 51.4
Approach LOS F

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 460 0 0 490 20 80 0 40 0 0 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Hourly flow rate (vph) 0 523 0 0 557 23 91 0 45 0 0 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 580 523 1091 1102 261 875 1091 568
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 580 523 1091 1102 261 875 1091 568
tC, single (s) 4.1 4.1 7.6 6.5 7.2 7.5 6.5 6.9
tC, 2 stage (s)
tF (s) 2.2 2.2 3.6 4.0 3.4 3.5 4.0 3.3
p0 queue free % 100 100 45 100 94 100 100 100
cM capacity (veh/h) 1004 1054 164 213 705 231 217 471

Direction, Lane # EB 1 EB 2 WB 1 NB 1
Volume Total 261 261 580 136
Volume Left 0 0 0 91
Volume Right 0 0 23 45
cSH 1700 1700 1700 221
Volume to Capacity 0.15 0.15 0.34 0.62
Queue Length 95th (ft) 0 0 0 90
Control Delay (s) 0.0 0.0 0.0 44.6
Lane LOS E
Approach Delay (s) 0.0 0.0 44.6
Approach LOS E

Intersection Summary
Average Delay 4.9
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15

2010 Wellsville North No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 10 20 120 0 5 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 13 25 152 0 6 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 563 551 152 560 547 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 563 551 152 560 547 332 335 152
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 99 97 99 98 98 100
cM capacity (veh/h) 419 434 900 407 436 691 1235 1441

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 32 177 342
Volume Left 0 13 25 6
Volume Right 6 13 0 6
cSH 525 495 1235 1441
Volume to Capacity 0.04 0.06 0.02 0.00
Queue Length 95th (ft) 3 5 2 0
Control Delay (s) 12.1 12.8 1.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.1 12.8 1.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 32.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 140 10 0 270 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 177 13 0 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 532 532 342 528 525 184 342 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 532 532 342 528 525 184 342 190
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 97 97 100 100 100
cM capacity (veh/h) 452 456 705 459 460 864 1229 1396

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 190 342
Volume Left 6 13 0 0
Volume Right 0 0 13 0
cSH 454 460 1229 1396
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 13.2 13.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.2 13.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 150 5 5 280 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 197 7 7 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 605 595 201 605 599 368 368 204
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 605 595 201 605 599 368 368 204
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 400 416 845 401 414 682 1201 1380

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 211 375
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 493 515 1201 1380
Volume to Capacity 0.04 0.03 0.01 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.6 12.2 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.6 12.2 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 150 0 0 280 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 195 0 0 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 565 562 367 562 565 195 370 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 565 562 367 562 565 195 370 195
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 99 99 100 100 100
cM capacity (veh/h) 434 439 683 441 437 852 1199 1390

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 195 370
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 439 1199 1390
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 2 0 0
Control Delay (s) 0.0 13.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 13.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 30 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 38 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 608 623 370 620 608 209 373 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 608 623 370 620 608 209 373 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 403 400 680 383 409 837 1196 1352

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 241 373
Volume Left 0 38 13 0
Volume Right 13 0 38 6
cSH 552 387 1196 1352
Volume to Capacity 0.03 0.11 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.5 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.5 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 98 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 98 51
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1565 902 1023

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 54 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1565 1700 939
Volume to Capacity 0.00 0.03 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 1.1 0.0 8.9
Lane LOS A A
Approach Delay (s) 1.1 0.0 8.9
Approach LOS A

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 30 10 80 10 30 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 34 11 90 11 34 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 79 112 270
Volume Left (vph) 22 11 11 34
Volume Right (vph) 22 34 11 45
Hadj (s) -0.13 -0.18 0.01 -0.04
Departure Headway (s) 4.7 4.7 4.6 4.4
Degree Utilization, x 0.09 0.10 0.14 0.33
Capacity (veh/h) 690 701 747 792
Control Delay (s) 8.2 8.2 8.3 9.5
Approach Delay (s) 8.2 8.2 8.3 9.5
Approach LOS A A A A

Intersection Summary
Delay 8.9
HCM Level of Service A
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 60 0 220 10 10 0 0 90 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 69 0 253 11 11 0 0 103 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 402 149 115 149 161 11 126 11
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 402 149 115 149 161 11 126 11
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.3 2.2
p0 queue free % 100 100 100 92 100 76 99 100
cM capacity (veh/h) 427 740 943 813 729 1072 1412 1621

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 322 23 126
Volume Left 69 11 0
Volume Right 253 0 23
cSH 1004 1412 1700
Volume to Capacity 0.32 0.01 0.07
Queue Length 95th (ft) 35 1 0
Control Delay (s) 10.3 3.8 0.0
Lane LOS B A
Approach Delay (s) 10.3 3.8 0.0
Approach LOS B

Intersection Summary
Average Delay 7.2
Intersection Capacity Utilization 31.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 0 5 0 0 0 0 10 20 80 60 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 11 0 6 0 0 0 0 11 23 92 69 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 276 287 69 282 276 23 69 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 276 287 69 282 276 23 69 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 100 99 100 100 100 100 94
cM capacity (veh/h) 650 589 1000 641 598 1060 1545 1564

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 17 34 161
Volume Left 11 0 92
Volume Right 6 23 0
cSH 736 1700 1564
Volume to Capacity 0.02 0.02 0.06
Queue Length 95th (ft) 2 0 5
Control Delay (s) 10.0 0.0 4.5
Lane LOS B A
Approach Delay (s) 10.0 0.0 4.5
Approach LOS B

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 24.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 110 10 40 220 10 20 5 10 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 120 11 43 239 11 22 5 11 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 250 130 478 473 125 481 473 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 130 478 473 125 481 473 245
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 97 95 99 99 95 98 99
cM capacity (veh/h) 1327 1449 476 476 931 468 476 799

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 136 293 38 38
Volume Left 5 43 22 22
Volume Right 11 11 11 5
cSH 1327 1449 553 500
Volume to Capacity 0.00 0.03 0.07 0.08
Queue Length 95th (ft) 0 2 6 6
Control Delay (s) 0.3 1.3 12.0 12.8
Lane LOS A A B B
Approach Delay (s) 0.3 1.3 12.0 12.8
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 40 5 5 5 90 120 5 5 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 51 6 6 6 114 152 6 6 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 509 503 104 551 503 155 108 158
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 509 503 104 551 503 155 108 158
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 100 95 98 99 99 92 100
cM capacity (veh/h) 440 435 942 398 435 896 1489 1434

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 57 19 272 114
Volume Left 6 6 114 6
Volume Right 51 6 6 6
cSH 836 506 1489 1434
Volume to Capacity 0.07 0.04 0.08 0.00
Queue Length 95th (ft) 5 3 6 0
Control Delay (s) 9.6 12.4 3.6 0.5
Lane LOS A B A A
Approach Delay (s) 9.6 12.4 3.6 0.5
Approach LOS A B

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 No-Action Wellsville
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 20 60 40 10 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 27 81 54 14 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 135 162 108
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 135 162 108
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 98 99
cM capacity (veh/h) 1462 814 951

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 41 135 27
Volume Left 14 0 14
Volume Right 0 54 14
cSH 1462 1700 877
Volume to Capacity 0.01 0.08 0.03
Queue Length 95th (ft) 1 0 2
Control Delay (s) 2.5 0.0 9.2
Lane LOS A A
Approach Delay (s) 2.5 0.0 9.2
Approach LOS A

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 18.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 5 10 50 5 5 5 20 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 8 15 76 8 8 8 30 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 98 23 45
Volume Left (vph) 8 8 8 30
Volume Right (vph) 0 76 8 8
Hadj (s) 0.07 -0.42 -0.13 0.03
Departure Headway (s) 4.2 3.7 4.1 4.2
Degree Utilization, x 0.03 0.10 0.03 0.05
Capacity (veh/h) 834 963 851 830
Control Delay (s) 7.3 7.1 7.2 7.4
Approach Delay (s) 7.3 7.1 7.2 7.4
Approach LOS A A A A

Intersection Summary
Delay 7.2
HCM Level of Service A
Intersection Capacity Utilization 14.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 5 10 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 10 20 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 65 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 65 25
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1596 940 1057

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 30 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1596 995
Volume to Capacity 0.02 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 2.5 8.7
Lane LOS A A
Approach Delay (s) 0.0 2.5 8.7
Approach LOS A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 No-Action Wellsville
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 398 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 450 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.8 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.8 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3301 3389 1770 1694 1736 1773
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2837 2650 1158 1694 813 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 38 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1180 0 69 273 0 161 201 0
Heavy Vehicles (%) 0% 8% 2% 1% 3% 1% 2% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.6 27.6 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.6 27.6 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1437 1342 323 472 227 494
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.71 0.41
Uniform Delay, d1 7.6 12.0 15.1 16.9 17.7 16.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 6.9 0.3 1.7 9.7 0.5
Delay (s) 7.7 18.9 15.4 18.6 27.4 16.5
Level of Service A B B B C B
Approach Delay (s) 7.7 18.9 18.1 21.1
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.5 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 210 100 460 0 0 0 0 120 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00
Frt 0.98 1.00 1.00 1.00
Flt Protected 1.00 0.95 1.00 0.95
Satd. Flow (prot) 3437 1719 3725 1770
Flt Permitted 1.00 0.09 1.00 0.95
Satd. Flow (perm) 3437 160 3725 1770
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 221 105 484 0 0 0 0 126 0 0
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1596 0 105 484 0 0 0 0 126 0 0
Heavy Vehicles (%) 0% 3% 2% 5% 2% 0% 0% 0% 0% 2% 0% 3%
Turn Type Prot pm+pt custom custom
Protected Phases 5 2 1 6 5
Permitted Phases 6 4 4
Actuated Green, G (s) 41.2 51.1 51.1 8.9
Effective Green, g (s) 41.2 51.1 51.1 8.9
Actuated g/C Ratio 0.59 0.73 0.73 0.13
Clearance Time (s) 5.0 4.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2023 248 2719 225
v/s Ratio Prot c0.46 c0.04 0.13
v/s Ratio Perm 0.27 c0.07
v/c Ratio 0.79 0.42 0.18 0.56
Uniform Delay, d1 11.1 8.9 2.9 28.7
Progression Factor 0.67 0.89 1.25 1.00
Incremental Delay, d2 2.4 1.1 0.1 3.2
Delay (s) 9.8 9.0 3.8 31.9
Level of Service A A A C
Approach Delay (s) 9.8 4.7 0.0 31.9
Approach LOS A A A C

Intersection Summary
HCM Average Control Delay 9.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 14.0
Intersection Capacity Utilization 66.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 460 0 0 490 20 80 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.99 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1847 1622
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1847 1622
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 523 0 0 557 23 91 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 28 0 0 0 0
Lane Group Flow (vph) 0 523 0 0 578 0 0 108 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 2% 10% 6% 0% 13% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 51.2 51.2 8.8
Effective Green, g (s) 51.2 51.2 8.8
Actuated g/C Ratio 0.73 0.73 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2752 1351 204
v/s Ratio Prot 0.14 c0.31
v/s Ratio Perm 0.07
v/c Ratio 0.19 0.43 0.53
Uniform Delay, d1 2.9 3.7 28.7
Progression Factor 1.11 1.00 1.00
Incremental Delay, d2 0.1 1.0 2.5
Delay (s) 3.4 4.7 31.1
Level of Service A A C
Approach Delay (s) 3.4 4.7 31.1 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 10 20 120 0 5 260 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 13 25 152 0 6 329 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 563 551 152 560 547 332 335 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 563 551 152 560 547 332 335 152
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 99 97 99 98 98 100
cM capacity (veh/h) 419 434 900 407 436 691 1235 1441

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 32 177 342
Volume Left 0 13 25 6
Volume Right 6 13 0 6
cSH 525 495 1235 1441
Volume to Capacity 0.04 0.06 0.02 0.00
Queue Length 95th (ft) 3 5 2 0
Control Delay (s) 12.1 12.8 1.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.1 12.8 1.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 32.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 140 10 0 270 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 177 13 0 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 532 532 342 528 525 184 342 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 532 532 342 528 525 184 342 190
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 97 97 100 100 100
cM capacity (veh/h) 452 456 705 459 460 864 1229 1396

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 190 342
Volume Left 6 13 0 0
Volume Right 0 0 13 0
cSH 454 460 1229 1396
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 2 4 0 0
Control Delay (s) 13.2 13.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.2 13.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 150 5 5 280 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 197 7 7 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 605 595 201 605 599 368 368 204
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 605 595 201 605 599 368 368 204
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 400 416 845 401 414 682 1201 1380

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 211 375
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 493 515 1201 1380
Volume to Capacity 0.04 0.03 0.01 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.6 12.2 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.6 12.2 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 150 0 0 280 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 195 0 0 364 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 565 562 367 562 565 195 370 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 565 562 367 562 565 195 370 195
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 99 99 100 100 100
cM capacity (veh/h) 434 439 683 441 437 852 1199 1390

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 195 370
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 439 1199 1390
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 2 0 0
Control Delay (s) 0.0 13.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 13.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.0% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 30 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 38 0 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 608 623 370 620 608 209 373 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 608 623 370 620 608 209 373 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 403 400 680 383 409 837 1196 1352

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 241 373
Volume Left 0 38 13 0
Volume Right 13 0 38 6
cSH 552 387 1196 1352
Volume to Capacity 0.03 0.11 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.8 15.5 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.8 15.5 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 310 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 397 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 705 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 705 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 391 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 436 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 449
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 1.0 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.0 15.4
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 42.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
26: 199th Street & Four Corners Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 5 30 40 5 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84
Hourly flow rate (vph) 6 36 48 6 12 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 54 98 51
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 54 98 51
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1565 902 1023

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 42 54 18
Volume Left 6 0 12
Volume Right 0 6 6
cSH 1565 1700 939
Volume to Capacity 0.00 0.03 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 1.1 0.0 8.9
Lane LOS A A
Approach Delay (s) 1.1 0.0 8.9
Approach LOS A

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 15.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
27: 199th Street & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 20 20 10 30 30 10 80 10 30 170 40
Peak Hour Factor 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Hourly flow rate (vph) 22 22 22 11 34 34 11 90 11 34 191 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 67 79 112 270
Volume Left (vph) 22 11 11 34
Volume Right (vph) 22 34 11 45
Hadj (s) -0.13 -0.18 0.01 -0.04
Departure Headway (s) 4.7 4.7 4.6 4.4
Degree Utilization, x 0.09 0.10 0.14 0.33
Capacity (veh/h) 690 701 747 792
Control Delay (s) 8.2 8.2 8.3 9.5
Approach Delay (s) 8.2 8.2 8.3 9.5
Approach LOS A A A A

Intersection Summary
Delay 8.9
HCM Level of Service A
Intersection Capacity Utilization 31.8% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 60 0 220 10 10 0 0 90 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 69 0 253 11 11 0 0 103 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 402 149 115 149 161 11 126 11
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 402 149 115 149 161 11 126 11
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.3 2.2
p0 queue free % 100 100 100 92 100 76 99 100
cM capacity (veh/h) 427 740 943 813 729 1072 1412 1621

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 322 23 126
Volume Left 69 11 0
Volume Right 253 0 23
cSH 1004 1412 1700
Volume to Capacity 0.32 0.01 0.07
Queue Length 95th (ft) 35 1 0
Control Delay (s) 10.3 3.8 0.0
Lane LOS B A
Approach Delay (s) 10.3 3.8 0.0
Approach LOS B

Intersection Summary
Average Delay 7.2
Intersection Capacity Utilization 31.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 0 5 0 0 0 0 10 20 80 60 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 11 0 6 0 0 0 0 11 23 92 69 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 276 287 69 282 276 23 69 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 276 287 69 282 276 23 69 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 100 99 100 100 100 100 94
cM capacity (veh/h) 650 589 1000 641 598 1060 1545 1564

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 17 34 161
Volume Left 11 0 92
Volume Right 6 23 0
cSH 736 1700 1564
Volume to Capacity 0.02 0.02 0.06
Queue Length 95th (ft) 2 0 5
Control Delay (s) 10.0 0.0 4.5
Lane LOS B A
Approach Delay (s) 10.0 0.0 4.5
Approach LOS B

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 24.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 110 10 40 220 10 20 5 10 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 120 11 43 239 11 22 5 11 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 250 130 478 473 125 481 473 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 130 478 473 125 481 473 245
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 97 95 99 99 95 98 99
cM capacity (veh/h) 1327 1449 476 476 931 468 476 799

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 136 293 38 38
Volume Left 5 43 22 22
Volume Right 11 11 11 5
cSH 1327 1449 553 500
Volume to Capacity 0.00 0.03 0.07 0.08
Queue Length 95th (ft) 0 2 6 6
Control Delay (s) 0.3 1.3 12.0 12.8
Lane LOS A A B B
Approach Delay (s) 0.3 1.3 12.0 12.8
Approach LOS B B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 40 5 5 5 90 120 5 5 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 51 6 6 6 114 152 6 6 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 509 503 104 551 503 155 108 158
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 509 503 104 551 503 155 108 158
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 100 95 98 99 99 92 100
cM capacity (veh/h) 440 435 942 398 435 896 1489 1434

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 57 19 272 114
Volume Left 6 6 114 6
Volume Right 51 6 6 6
cSH 836 506 1489 1434
Volume to Capacity 0.07 0.04 0.08 0.00
Queue Length 95th (ft) 5 3 6 0
Control Delay (s) 9.6 12.4 3.6 0.5
Lane LOS A B A A
Approach Delay (s) 9.6 12.4 3.6 0.5
Approach LOS A B

Intersection Summary
Average Delay 3.9
Intersection Capacity Utilization 28.3% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 20 60 40 20 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 27 81 54 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 135 162 108
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 135 162 108
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 97 99
cM capacity (veh/h) 1462 814 951

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 41 135 41
Volume Left 14 0 27
Volume Right 0 54 14
cSH 1462 1700 855
Volume to Capacity 0.01 0.08 0.05
Queue Length 95th (ft) 1 0 4
Control Delay (s) 2.5 0.0 9.4
Lane LOS A A
Approach Delay (s) 2.5 0.0 9.4
Approach LOS A

Intersection Summary
Average Delay 2.2
Intersection Capacity Utilization 18.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 5 10 50 5 5 5 20 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 8 15 76 8 8 8 30 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 98 23 45
Volume Left (vph) 8 8 8 30
Volume Right (vph) 0 76 8 8
Hadj (s) 0.07 -0.42 -0.13 0.03
Departure Headway (s) 4.2 3.7 4.1 4.2
Degree Utilization, x 0.03 0.10 0.03 0.05
Capacity (veh/h) 834 963 851 830
Control Delay (s) 7.3 7.1 7.2 7.4
Approach Delay (s) 7.3 7.1 7.2 7.4
Approach LOS A A A A

Intersection Summary
Delay 7.2
HCM Level of Service A
Intersection Capacity Utilization 14.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 5 10 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 10 20 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 65 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 65 25
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1596 940 1057

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 30 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1596 995
Volume to Capacity 0.02 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 2.5 8.7
Lane LOS A A
Approach Delay (s) 0.0 2.5 8.7
Approach LOS A

Intersection Summary
Average Delay 3.1
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville No-Action - (Improved)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 60 290 5 0 50 50 5 80 5 90 30 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 72 349 6 0 60 60 6 96 6 108 36 12
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 120 355 617 617 352 642 590 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 120 355 617 617 352 642 590 90
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.3
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.4
p0 queue free % 95 100 98 75 99 63 91 99
cM capacity (veh/h) 1449 1214 358 384 696 296 398 946

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 428 120 108 157
Volume Left 72 0 6 108
Volume Right 6 60 6 12
cSH 1449 1214 392 333
Volume to Capacity 0.05 0.00 0.28 0.47
Queue Length 95th (ft) 4 0 28 60
Control Delay (s) 1.7 0.0 17.7 25.0
Lane LOS A C D
Approach Delay (s) 1.7 0.0 17.7 25.0
Approach LOS C D

Intersection Summary
Average Delay 8.1
Intersection Capacity Utilization 46.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 40 560 60 100 210 100 70 320 190 140 200 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3363 3173 1805 1725 1736 1794
Flt Permitted 0.90 0.62 0.60 1.00 0.25 1.00
Satd. Flow (perm) 3019 1996 1133 1725 454 1794
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 46 644 69 115 241 115 80 368 218 161 230 34
RTOR Reduction (vph) 0 15 0 0 64 0 0 31 0 0 8 0
Lane Group Flow (vph) 0 744 0 0 407 0 80 555 0 161 256 0
Heavy Vehicles (%) 5% 6% 2% 7% 10% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 18.0 18.0 19.4 19.4 19.4 19.4
Effective Green, g (s) 18.0 18.0 19.4 19.4 19.4 19.4
Actuated g/C Ratio 0.37 0.37 0.40 0.40 0.40 0.40
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1107 732 448 682 179 709
v/s Ratio Prot 0.32 0.14
v/s Ratio Perm c0.25 0.20 0.07 c0.35
v/c Ratio 0.67 0.56 0.18 0.81 0.90 0.36
Uniform Delay, d1 13.1 12.4 9.7 13.2 13.9 10.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 0.9 0.2 7.4 39.5 0.3
Delay (s) 14.7 13.3 9.9 20.6 53.5 10.8
Level of Service B B A C D B
Approach Delay (s) 14.7 13.3 19.3 27.0
Approach LOS B B B C

Intersection Summary
HCM Average Control Delay 18.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.79
Actuated Cycle Length (s) 49.1 Sum of lost time (s) 11.7
Intersection Capacity Utilization 86.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1710 40 30 470 0 0 0 0 50 0 920
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3511 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3511 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1800 42 32 495 0 0 0 0 53 0 968
RTOR Reduction (vph) 0 1 0 0 0 0 0 0 0 0 0 301
Lane Group Flow (vph) 0 1841 0 32 495 0 0 0 0 53 0 667
Heavy Vehicles (%) 0% 2% 23% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 67.8 4.2 42.0 5.5 30.0
Effective Green, g (s) 67.8 4.2 42.0 5.5 30.0
Actuated g/C Ratio 0.75 0.05 0.47 0.06 0.33
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2645 77 1722 100 920
v/s Ratio Prot c0.52 0.02 c0.13 c0.03 0.24
v/s Ratio Perm
v/c Ratio 0.70 0.42 0.29 0.53 0.73
Uniform Delay, d1 5.8 41.7 14.8 41.0 26.4
Progression Factor 0.59 1.07 0.82 1.00 1.00
Incremental Delay, d2 1.0 3.3 0.4 5.3 2.9
Delay (s) 4.4 47.8 12.5 46.3 29.2
Level of Service A D B D C
Approach Delay (s) 4.4 14.7 0.0 30.1
Approach LOS A B A C

Intersection Summary
HCM Average Control Delay 13.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.5
Intersection Capacity Utilization 59.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 350 0 0 350 130 150 0 90 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.96 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1795 1616
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1795 1616
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 398 0 0 398 148 170 0 102 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 28 0 0 0 0
Lane Group Flow (vph) 0 398 0 0 535 0 0 244 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 9% 0% 7% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 61.2 61.2 18.8
Effective Green, g (s) 61.2 61.2 18.8
Actuated g/C Ratio 0.68 0.68 0.21
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2533 1221 338
v/s Ratio Prot 0.11 c0.30
v/s Ratio Perm 0.15
v/c Ratio 0.16 0.44 0.72
Uniform Delay, d1 5.2 6.6 33.2
Progression Factor 0.59 1.00 1.00
Incremental Delay, d2 0.1 1.1 7.4
Delay (s) 3.1 7.7 40.5
Level of Service A A D
Approach Delay (s) 3.1 7.7 40.5 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 13.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

2010 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 10 60 260 0 5 90 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 13 76 329 0 6 114 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 630 620 329 627 614 120 127 329
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 630 620 329 627 614 120 127 329
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 93 100 97 98 99 95 99
cM capacity (veh/h) 370 383 717 363 386 910 1453 1242

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 32 405 133
Volume Left 0 13 76 6
Volume Right 0 13 0 13
cSH 383 485 1453 1242
Volume to Capacity 0.07 0.07 0.05 0.01
Queue Length 95th (ft) 5 5 4 0
Control Delay (s) 15.1 12.9 1.8 0.4
Lane LOS C B A A
Approach Delay (s) 15.1 12.9 1.8 0.4
Approach LOS C B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 38.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 320 10 0 90 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 405 13 0 114 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 541 535 117 535 532 411 120 418
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 541 535 117 535 532 411 120 418
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 97 100 97 97 99 100 100
cM capacity (veh/h) 441 455 940 450 456 645 1480 1152

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 418 120
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 450 482 1480 1152
Volume to Capacity 0.04 0.07 0.00 0.00
Queue Length 95th (ft) 3 5 0 0
Control Delay (s) 13.4 13.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.4 13.0 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 5 5 10 330 0 5 100 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 7 7 13 434 0 7 132 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 615 605 434 622 605 132 132 434
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 615 605 434 622 605 132 132 434
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 98 99 99 99
cM capacity (veh/h) 394 408 626 385 408 923 1466 1136

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 13 447 138
Volume Left 7 0 13 7
Volume Right 13 7 0 0
cSH 489 566 1466 1136
Volume to Capacity 0.05 0.02 0.01 0.01
Queue Length 95th (ft) 4 2 1 0
Control Delay (s) 12.8 11.5 0.3 0.4
Lane LOS B B A A
Approach Delay (s) 12.8 11.5 0.3 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 33.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 5 0 5 0 330 5 0 100 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 6 6 6 6 0 6 0 429 6 0 130 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 571 568 133 575 568 432 136 435
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 571 568 133 575 568 432 136 435
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 99 99 98 100 99 100 100
cM capacity (veh/h) 430 435 921 424 435 628 1460 1135

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 13 435 136
Volume Left 6 6 0 0
Volume Right 6 6 6 6
cSH 525 506 1460 1135
Volume to Capacity 0.04 0.03 0.00 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.1 12.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 12.1 12.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 27.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 30 0 0 5 340 60 5 100 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 6 38 0 0 6 430 76 6 127 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 620 658 127 630 620 468 127 506
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 620 658 127 630 620 468 127 506
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 90 100 100 100 99
cM capacity (veh/h) 400 383 929 377 402 599 1472 1069

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 38 513 133
Volume Left 6 38 6 6
Volume Right 6 0 76 0
cSH 485 377 1472 1069
Volume to Capacity 0.04 0.10 0.00 0.01
Queue Length 95th (ft) 3 8 0 0
Control Delay (s) 12.7 15.6 0.1 0.5
Lane LOS B C A A
Approach Delay (s) 12.7 15.6 0.1 0.5
Approach LOS B C

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 34.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 370 50 10 130 10 30
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 474 64 13 167 13 38
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 538 699 506
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 538 699 506
tC, single (s) 4.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.3 3.6 3.3
p0 queue free % 99 97 93
cM capacity (veh/h) 991 389 564

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 538 179 51
Volume Left 0 13 13
Volume Right 64 0 38
cSH 1700 991 507
Volume to Capacity 0.32 0.01 0.10
Queue Length 95th (ft) 0 1 8
Control Delay (s) 0.0 0.7 12.9
Lane LOS A B
Approach Delay (s) 0.0 0.7 12.9
Approach LOS B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 32.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 130 5 20 0 0 360 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 149 6 23 0 0 414 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 603 454 420 454 460 23 425 23
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 603 454 420 454 460 23 425 23
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.6 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.7 2.2 2.2
p0 queue free % 100 100 100 98 100 84 99 100
cM capacity (veh/h) 348 502 638 501 499 956 1145 1605

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 161 29 425
Volume Left 11 6 0
Volume Right 149 0 11
cSH 898 1145 1700
Volume to Capacity 0.18 0.01 0.25
Queue Length 95th (ft) 16 0 0
Control Delay (s) 9.9 1.7 0.0
Lane LOS A A
Approach Delay (s) 9.9 1.7 0.0
Approach LOS A

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 34.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 0 5 0 0 0 0 10 40 350 10 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 0 6 0 0 0 0 11 46 402 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 851 874 11 856 851 34 11 57
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 851 874 11 856 851 34 11 57
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.3
tC, 2 stage (s)
tF (s) 3.6 4.0 3.3 3.5 4.0 3.3 2.2 2.4
p0 queue free % 89 100 99 100 100 100 100 72
cM capacity (veh/h) 208 209 1075 218 215 1044 1621 1428

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 29 57 414
Volume Left 23 0 402
Volume Right 6 46 0
cSH 248 1700 1428
Volume to Capacity 0.12 0.03 0.28
Queue Length 95th (ft) 10 0 29
Control Delay (s) 21.4 0.0 8.3
Lane LOS C A
Approach Delay (s) 21.4 0.0 8.3
Approach LOS C

Intersection Summary
Average Delay 8.1
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 260 20 40 70 5 10 10 70 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 283 22 43 76 5 11 11 76 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 82 304 476 473 293 552 481 79
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 82 304 476 473 293 552 481 79
tC, single (s) 4.1 4.2 7.4 6.8 6.3 7.1 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.8 4.3 3.4 3.5 4.1 3.3
p0 queue free % 100 96 97 97 90 94 98 100
cM capacity (veh/h) 1529 1196 434 433 734 382 454 987

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 310 125 98 33
Volume Left 5 43 11 22
Volume Right 22 5 76 0
cSH 1529 1196 636 403
Volume to Capacity 0.00 0.04 0.15 0.08
Queue Length 95th (ft) 0 3 14 7
Control Delay (s) 0.2 3.0 11.7 14.7
Lane LOS A A B B
Approach Delay (s) 0.2 3.0 11.7 14.7
Approach LOS B B

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 37.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 230 5 0 5 120 50 0 5 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 291 6 0 6 152 63 0 6 152 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 538 532 152 823 532 63 152 63
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 538 532 152 823 532 63 152 63
tC, single (s) 7.1 6.5 6.5 7.1 6.5 6.2 4.5 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.3 2.6 2.2
p0 queue free % 100 100 64 96 100 99 87 100
cM capacity (veh/h) 409 397 819 171 397 1007 1209 1552

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 291 13 215 158
Volume Left 0 6 152 6
Volume Right 291 6 0 0
cSH 819 293 1209 1552
Volume to Capacity 0.36 0.04 0.13 0.00
Queue Length 95th (ft) 40 3 11 0
Control Delay (s) 11.8 17.9 6.3 0.3
Lane LOS B C A A
Approach Delay (s) 11.8 17.9 6.3 0.3
Approach LOS B C

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 36.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 190 110 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 257 149 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 162 439 155
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 162 439 155
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 91 98
cM capacity (veh/h) 1429 573 845

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 270 162 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1429 1700 613
Volume to Capacity 0.01 0.10 0.11
Queue Length 95th (ft) 1 0 9
Control Delay (s) 0.5 0.0 11.6
Lane LOS A B
Approach Delay (s) 0.5 0.0 11.6
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 27.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 30 130 0 0 100 10 0 5 0 70 5 20
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 45 197 0 0 152 15 0 8 0 106 8 30

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 242 167 8 144
Volume Left (vph) 45 0 0 106
Volume Right (vph) 0 15 0 30
Hadj (s) 0.91 0.80 0.34 0.12
Departure Headway (s) 5.5 5.5 5.6 5.2
Degree Utilization, x 0.37 0.25 0.01 0.21
Capacity (veh/h) 633 632 577 644
Control Delay (s) 11.6 10.3 8.7 9.5
Approach Delay (s) 11.6 10.3 8.7 9.5
Approach LOS B B A A

Intersection Summary
Delay 10.6
HCM Level of Service B
Intersection Capacity Utilization 33.9% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 5 0 120 5 0 150
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 10 0 240 10 0 300
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 500 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 500 10
tC, single (s) 4.6 6.4 6.8
tC, 2 stage (s)
tF (s) 2.6 3.5 3.8
p0 queue free % 82 100 68
cM capacity (veh/h) 1360 440 936

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 10 250 300
Volume Left 0 240 0
Volume Right 0 0 300
cSH 1700 1360 936
Volume to Capacity 0.01 0.18 0.32
Queue Length 95th (ft) 0 16 35
Control Delay (s) 0.0 7.9 10.7
Lane LOS A B
Approach Delay (s) 0.0 7.9 10.7
Approach LOS B

Intersection Summary
Average Delay 9.3
Intersection Capacity Utilization 29.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 150 120 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 300 240 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 310 170 160
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 310 170 160
tC, single (s) 4.1 6.9 6.2
tC, 2 stage (s)
tF (s) 2.2 3.9 3.3
p0 queue free % 100 67 99
cM capacity (veh/h) 1262 727 890

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 310 250
Volume Left 0 0 240
Volume Right 0 300 10
cSH 1262 1700 732
Volume to Capacity 0.00 0.18 0.34
Queue Length 95th (ft) 0 0 38
Control Delay (s) 0.0 0.0 12.4
Lane LOS B
Approach Delay (s) 0.0 0.0 12.4
Approach LOS B

Intersection Summary
Average Delay 5.5
Intersection Capacity Utilization 23.2% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 90 5 5 280 80 10 20 5 30 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 12 108 6 6 337 96 12 24 6 36 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 434 114 569 581 111 551 536 386
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 434 114 569 581 111 551 536 386
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 100 97 94 99 91 95 96
cM capacity (veh/h) 1137 1487 398 421 947 417 447 667

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 127 440 42 84
Volume Left 12 6 12 36
Volume Right 6 96 6 24
cSH 1137 1487 450 477
Volume to Capacity 0.01 0.00 0.09 0.18
Queue Length 95th (ft) 1 0 8 16
Control Delay (s) 0.9 0.1 13.8 14.2
Lane LOS A A B B
Approach Delay (s) 0.9 0.1 13.8 14.2
Approach LOS B B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 270 50 210 630 220 60 150 140 140 150 40
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3292 3369 1770 1694 1736 1766
Flt Permitted 0.86 0.77 0.62 1.00 0.44 1.00
Satd. Flow (perm) 2830 2634 1158 1694 808 1766
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 310 57 241 724 253 69 172 161 161 172 46
RTOR Reduction (vph) 0 22 0 0 37 0 0 60 0 0 17 0
Lane Group Flow (vph) 0 368 0 0 1181 0 69 273 0 161 201 0
Heavy Vehicles (%) 5% 8% 2% 1% 4% 1% 2% 4% 4% 4% 4% 5%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 27.9 27.9 15.2 15.2 15.2 15.2
Effective Green, g (s) 27.9 27.9 15.2 15.2 15.2 15.2
Actuated g/C Ratio 0.51 0.51 0.28 0.28 0.28 0.28
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1441 1341 321 470 224 490
v/s Ratio Prot 0.16 0.11
v/s Ratio Perm 0.13 c0.45 0.06 c0.20
v/c Ratio 0.26 0.88 0.21 0.58 0.72 0.41
Uniform Delay, d1 7.6 12.0 15.2 17.1 17.9 16.1
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 7.1 0.3 1.8 10.5 0.6
Delay (s) 7.7 19.0 15.6 18.9 28.4 16.7
Level of Service A B B B C B
Approach Delay (s) 7.7 19.0 18.3 21.7
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 54.8 Sum of lost time (s) 11.7
Intersection Capacity Utilization 84.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1320 210 100 460 0 0 0 0 120 0 1200
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3433 1687 3689 1770 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3433 1687 3689 1770 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1389 221 105 484 0 0 0 0 126 0 1263
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 320
Lane Group Flow (vph) 0 1596 0 105 484 0 0 0 0 126 0 943
Heavy Vehicles (%) 0% 3% 3% 7% 3% 0% 0% 0% 0% 2% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 61.3 7.1 40.4 9.1 28.0
Effective Green, g (s) 61.3 7.1 40.4 9.1 28.0
Actuated g/C Ratio 0.68 0.08 0.45 0.10 0.31
Clearance Time (s) 5.0 5.0 5.0 2.5 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2338 133 1656 179 859
v/s Ratio Prot c0.46 c0.06 0.13 c0.07 c0.34
v/s Ratio Perm
v/c Ratio 0.68 0.79 0.29 0.70 1.10
Uniform Delay, d1 8.6 40.7 15.7 39.1 31.0
Progression Factor 0.62 0.92 0.84 1.00 1.00
Incremental Delay, d2 1.1 24.6 0.4 11.9 60.8
Delay (s) 6.4 62.0 13.7 51.0 91.8
Level of Service A E B D F
Approach Delay (s) 6.4 22.3 0.0 88.1
Approach LOS A C A F

Intersection Summary
HCM Average Control Delay 40.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 17.5
Intersection Capacity Utilization 67.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 460 0 0 490 20 80 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.99 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1830 1578
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1830 1578
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 523 0 0 557 23 91 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 26 0 0 0 0
Lane Group Flow (vph) 0 523 0 0 579 0 0 110 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 8% 0% 18% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 68.3 68.3 11.7
Effective Green, g (s) 68.3 68.3 11.7
Actuated g/C Ratio 0.76 0.76 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2855 1389 205
v/s Ratio Prot 0.14 c0.32
v/s Ratio Perm 0.07
v/c Ratio 0.18 0.42 0.54
Uniform Delay, d1 3.0 3.8 36.6
Progression Factor 0.33 1.00 1.00
Incremental Delay, d2 0.1 0.9 2.7
Delay (s) 1.1 4.7 39.3
Level of Service A A D
Approach Delay (s) 1.1 4.7 39.3 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2010 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 10 20 120 0 5 270 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 13 25 152 0 6 342 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 576 563 152 573 560 345 348 152
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 576 563 152 573 560 345 348 152
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.4 2.2 2.2
p0 queue free % 100 97 99 97 99 98 98 100
cM capacity (veh/h) 411 427 900 399 429 680 1222 1441

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 32 177 354
Volume Left 0 13 25 6
Volume Right 6 13 0 6
cSH 518 486 1222 1441
Volume to Capacity 0.04 0.07 0.02 0.00
Queue Length 95th (ft) 3 5 2 0
Control Delay (s) 12.2 12.9 1.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.2 12.9 1.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.6
Intersection Capacity Utilization 32.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 5 10 0 0 150 10 0 270 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 6 13 0 0 190 13 0 342 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 544 544 342 541 538 196 342 203
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 544 544 342 541 538 196 342 203
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 99 99 100 99 97 100 100 100
cM capacity (veh/h) 443 449 705 450 453 850 1229 1381

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 19 203 342
Volume Left 6 6 0 0
Volume Right 0 0 13 0
cSH 446 452 1229 1381
Volume to Capacity 0.03 0.04 0.00 0.00
Queue Length 95th (ft) 2 3 0 0
Control Delay (s) 13.3 13.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.3 13.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.7
Intersection Capacity Utilization 24.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 160 5 5 280 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 211 7 7 368 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 618 609 214 618 612 368 368 217
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 618 609 214 618 612 368 368 217
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 392 408 831 393 407 682 1201 1365

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 224 375
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 484 509 1201 1365
Volume to Capacity 0.04 0.03 0.01 0.00
Queue Length 95th (ft) 3 2 0 0
Control Delay (s) 12.8 12.3 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 12.8 12.3 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 28.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 150 0 0 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 195 0 0 377 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 578 575 380 575 578 195 383 195
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 578 575 380 575 578 195 383 195
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 98 100 100 100
cM capacity (veh/h) 425 431 672 432 430 852 1186 1390

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 195 383
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 431 1186 1390
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 2 0 0
Control Delay (s) 0.0 13.6 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 13.6 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 25.6% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 150 40 0 300 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 190 51 0 380 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 627 649 383 639 627 215 386 241
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 627 649 383 639 627 215 386 241
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 90 98 100 99 100
cM capacity (veh/h) 391 387 669 363 399 830 1183 1338

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 253 386
Volume Left 0 38 13 0
Volume Right 13 0 51 6
cSH 538 368 1183 1338
Volume to Capacity 0.04 0.12 0.01 0.00
Queue Length 95th (ft) 3 10 1 0
Control Delay (s) 11.9 16.1 0.5 0.0
Lane LOS B C A
Approach Delay (s) 11.9 16.1 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 34.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 170 20 30 320 60 20
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 218 26 38 410 77 26
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 244 718 231
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 244 718 231
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 80 97
cM capacity (veh/h) 1335 384 813

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 244 449 103
Volume Left 0 38 77
Volume Right 26 0 26
cSH 1700 1335 443
Volume to Capacity 0.14 0.03 0.23
Queue Length 95th (ft) 0 2 22
Control Delay (s) 0.0 0.9 15.6
Lane LOS A C
Approach Delay (s) 0.0 0.9 15.6
Approach LOS C

Intersection Summary
Average Delay 2.5
Intersection Capacity Utilization 43.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 60 0 310 5 10 0 0 160 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 69 0 356 6 11 0 0 184 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 580 224 201 224 241 11 218 11
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 580 224 201 224 241 11 218 11
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.5 4.3 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.6 2.4 2.2
p0 queue free % 100 100 100 91 100 64 100 100
cM capacity (veh/h) 274 675 845 729 661 996 1251 1621

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 425 17 218
Volume Left 69 6 0
Volume Right 356 0 34
cSH 940 1251 1700
Volume to Capacity 0.45 0.00 0.13
Queue Length 95th (ft) 60 0 0
Control Delay (s) 12.0 2.7 0.0
Lane LOS B A
Approach Delay (s) 12.0 2.7 0.0
Approach LOS B

Intersection Summary
Average Delay 7.8
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 0 5 0 0 0 0 10 20 160 60 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 11 0 6 0 0 0 0 11 23 184 69 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 460 471 69 466 460 23 69 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 460 471 69 466 460 23 69 34
tC, single (s) 7.4 6.5 6.2 7.1 6.5 6.2 4.1 4.6
tC, 2 stage (s)
tF (s) 3.8 4.0 3.3 3.5 4.0 3.3 2.2 2.6
p0 queue free % 97 100 99 100 100 100 100 86
cM capacity (veh/h) 418 426 1000 454 432 1060 1545 1340

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 17 34 253
Volume Left 11 0 184
Volume Right 6 23 0
cSH 519 1700 1340
Volume to Capacity 0.03 0.02 0.14
Queue Length 95th (ft) 3 0 12
Control Delay (s) 12.2 0.0 6.2
Lane LOS B A
Approach Delay (s) 12.2 0.0 6.2
Approach LOS B

Intersection Summary
Average Delay 5.9
Intersection Capacity Utilization 28.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 110 10 40 220 10 20 5 20 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 120 11 43 239 11 22 5 22 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 250 130 478 473 125 492 473 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 130 478 473 125 492 473 245
tC, single (s) 4.1 4.2 7.2 6.7 6.4 7.2 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.2 3.5 3.5 4.1 3.3
p0 queue free % 100 97 95 99 98 95 98 99
cM capacity (veh/h) 1327 1378 460 448 879 453 461 799

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 136 293 49 38
Volume Left 5 43 22 22
Volume Right 11 11 22 5
cSH 1327 1378 581 486
Volume to Capacity 0.00 0.03 0.08 0.08
Queue Length 95th (ft) 0 2 7 6
Control Delay (s) 0.3 1.4 11.8 13.0
Lane LOS A A B B
Approach Delay (s) 0.3 1.4 11.8 13.0
Approach LOS B B

Intersection Summary
Average Delay 3.0
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 110 5 5 5 180 120 5 5 80 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 139 6 6 6 228 152 6 6 101 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 737 731 104 867 731 155 108 158
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 737 731 104 867 731 155 108 158
tC, single (s) 7.1 6.5 6.9 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.9 3.5 4.0 3.3 2.7 2.2
p0 queue free % 98 100 83 97 98 99 81 100
cM capacity (veh/h) 281 285 801 194 285 896 1227 1434

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 146 19 386 114
Volume Left 6 6 228 6
Volume Right 139 6 6 6
cSH 742 307 1227 1434
Volume to Capacity 0.20 0.06 0.19 0.00
Queue Length 95th (ft) 18 5 17 0
Control Delay (s) 11.0 17.5 5.8 0.5
Lane LOS B C A A
Approach Delay (s) 11.0 17.5 5.8 0.5
Approach LOS B C

Intersection Summary
Average Delay 6.4
Intersection Capacity Utilization 37.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 100 150 40 20 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 135 203 54 27 7
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 257 392 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 257 392 230
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 95 99
cM capacity (veh/h) 1320 600 814

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 149 257 34
Volume Left 14 0 27
Volume Right 0 54 7
cSH 1320 1700 634
Volume to Capacity 0.01 0.15 0.05
Queue Length 95th (ft) 1 0 4
Control Delay (s) 0.8 0.0 11.0
Lane LOS A B
Approach Delay (s) 0.8 0.0 11.0
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 23.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 80 0 5 100 50 5 5 5 20 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 121 0 8 152 76 8 8 8 30 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 136 235 23 53
Volume Left (vph) 15 8 8 30
Volume Right (vph) 0 76 8 15
Hadj (s) 1.48 0.81 -0.13 0.33
Departure Headway (s) 5.9 5.1 4.9 5.3
Degree Utilization, x 0.22 0.33 0.03 0.08
Capacity (veh/h) 588 684 674 627
Control Delay (s) 10.6 10.7 8.0 8.7
Approach Delay (s) 10.6 10.7 8.0 8.7
Approach LOS B B A A

Intersection Summary
Delay 10.3
HCM Level of Service B
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 100 10 5 90
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 200 20 10 180
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 445 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 445 25
tC, single (s) 5.1 6.4 7.1
tC, 2 stage (s)
tF (s) 3.1 3.5 4.1
p0 queue free % 82 98 79
cM capacity (veh/h) 1134 473 853

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 220 190
Volume Left 0 200 10
Volume Right 10 0 180
cSH 1700 1134 819
Volume to Capacity 0.02 0.18 0.23
Queue Length 95th (ft) 0 16 22
Control Delay (s) 0.0 8.2 10.7
Lane LOS A B
Approach Delay (s) 0.0 8.2 10.7
Approach LOS B

Intersection Summary
Average Delay 8.7
Intersection Capacity Utilization 25.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2010 Wellsville Alternative Action - (Improved)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 80 100 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 160 200 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 170 100 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 170 100 90
tC, single (s) 4.1 7.4 6.2
tC, 2 stage (s)
tF (s) 2.2 4.4 3.3
p0 queue free % 100 72 99
cM capacity (veh/h) 1420 711 973

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 170 210
Volume Left 0 0 200
Volume Right 0 160 10
cSH 1420 1700 720
Volume to Capacity 0.00 0.10 0.29
Queue Length 95th (ft) 0 0 30
Control Delay (s) 0.0 0.0 12.0
Lane LOS B
Approach Delay (s) 0.0 0.0 12.0
Approach LOS B

Intersection Summary
Average Delay 6.5
Intersection Capacity Utilization 17.7% ICU Level of Service A
Analysis Period (min) 15

2010 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 5 0 60 60 5 90 5 100 30 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 6 0 72 72 6 108 6 120 36 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 488 145 120 181
Volume Left (vph) 84 0 6 120
Volume Right (vph) 6 72 6 24
Hadj (s) 0.09 -0.23 0.01 0.13
Departure Headway (s) 5.2 5.4 6.0 6.0
Degree Utilization, x 0.70 0.21 0.20 0.30
Capacity (veh/h) 677 608 524 542
Control Delay (s) 19.2 9.8 10.5 11.5
Approach Delay (s) 19.2 9.8 10.5 11.5
Approach LOS C A B B

Intersection Summary
Delay 15.1
HCM Level of Service C
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 630 70 110 240 120 80 360 220 160 230 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3397 3184 1805 1723 1736 1804
Flt Permitted 0.87 0.56 0.57 1.00 0.22 1.00
Satd. Flow (perm) 2974 1803 1079 1723 407 1804
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 724 80 126 276 138 92 414 253 184 264 34
RTOR Reduction (vph) 0 13 0 0 57 0 0 32 0 0 8 0
Lane Group Flow (vph) 0 848 0 0 483 0 92 635 0 184 290 0
Heavy Vehicles (%) 2% 5% 1% 7% 9% 6% 0% 4% 4% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 20.1 20.1 28.2 28.2 28.2 28.2
Effective Green, g (s) 20.1 20.1 28.2 28.2 28.2 28.2
Actuated g/C Ratio 0.34 0.34 0.47 0.47 0.47 0.47
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 996 604 507 810 191 848
v/s Ratio Prot 0.37 0.16
v/s Ratio Perm c0.29 0.27 0.09 c0.45
v/c Ratio 0.85 0.80 0.18 0.78 0.96 0.34
Uniform Delay, d1 18.6 18.1 9.2 13.3 15.4 10.0
Progression Factor 1.00 0.74 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.1 10.5 0.2 5.0 54.1 0.2
Delay (s) 27.7 23.9 9.4 18.3 69.5 10.3
Level of Service C C A B E B
Approach Delay (s) 27.7 23.9 17.2 32.9
Approach LOS C C B C

Intersection Summary
HCM Average Control Delay 24.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 60.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 95.5% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1970 50 30 540 0 0 0 0 60 0 1060
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3546 1687 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3546 1687 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2074 53 32 568 0 0 0 0 63 0 1116
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 107
Lane Group Flow (vph) 0 2125 0 32 568 0 0 0 0 63 0 1009
Heavy Vehicles (%) 0% 1% 18% 7% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot custom custom
Protected Phases 2 1 6 5
Permitted Phases 4 4
Actuated Green, G (s) 53.0 2.8 24.8 4.2 35.2
Effective Green, g (s) 53.0 2.8 24.8 4.2 35.2
Actuated g/C Ratio 0.71 0.04 0.33 0.06 0.47
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2506 63 1220 92 1479
v/s Ratio Prot c0.60 0.02 c0.15 c0.28
v/s Ratio Perm 0.04 0.08
v/c Ratio 0.85 0.51 0.47 0.68 0.68
Uniform Delay, d1 8.1 35.4 19.9 34.8 15.5
Progression Factor 0.81 1.18 0.84 1.00 1.00
Incremental Delay, d2 2.4 5.4 1.1 19.0 1.3
Delay (s) 8.9 47.3 17.7 53.8 16.8
Level of Service A D B D B
Approach Delay (s) 8.9 19.3 0.0 18.8
Approach LOS A B A B

Intersection Summary
HCM Average Control Delay 13.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 400 140 170 0 100 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1798 1637
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1798 1637
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 455 159 193 0 114 0 0 0
RTOR Reduction (vph) 0 0 0 0 13 0 0 33 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 601 0 0 274 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 5% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 47.4 47.4 17.6
Effective Green, g (s) 47.4 47.4 17.6
Actuated g/C Ratio 0.63 0.63 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2354 1136 384
v/s Ratio Prot 0.12 c0.33
v/s Ratio Perm 0.17
v/c Ratio 0.19 0.53 0.71
Uniform Delay, d1 5.8 7.6 26.4
Progression Factor 0.34 1.00 1.00
Incremental Delay, d2 0.1 1.8 6.2
Delay (s) 2.1 9.4 32.6
Level of Service A A C
Approach Delay (s) 2.1 9.4 32.6 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 75.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 10 10 70 290 0 5 90 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 13 13 89 367 0 6 114 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 696 684 367 690 677 120 127 367
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 696 684 367 690 677 120 127 367
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.3 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.4 2.2 2.2
p0 queue free % 100 93 100 96 96 99 94 99
cM capacity (veh/h) 327 349 683 325 352 910 1453 1203

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 38 456 133
Volume Left 0 13 89 6
Volume Right 0 13 0 13
cSH 349 428 1453 1203
Volume to Capacity 0.07 0.09 0.06 0.01
Queue Length 95th (ft) 6 7 5 0
Control Delay (s) 16.1 14.2 2.0 0.4
Lane LOS C B A A
Approach Delay (s) 16.1 14.2 2.0 0.4
Approach LOS C B

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 360 10 0 100 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 456 13 0 127 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 604 598 130 598 595 462 133 468
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 604 598 130 598 595 462 133 468
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 99 100 100
cM capacity (veh/h) 399 418 925 407 420 604 1464 1104

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 468 133
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 412 441 1464 1104
Volume to Capacity 0.05 0.07 0.00 0.00
Queue Length 95th (ft) 4 6 0 0
Control Delay (s) 14.2 13.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.2 13.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 29.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 10 10 360 0 5 100 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 13 13 474 0 7 132 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 664 645 474 661 645 132 132 474
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 664 645 474 661 645 132 132 474
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 97 99 99 99
cM capacity (veh/h) 357 388 595 361 388 923 1466 1099

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 26 487 138
Volume Left 7 0 13 7
Volume Right 13 13 0 0
cSH 458 546 1466 1099
Volume to Capacity 0.06 0.05 0.01 0.01
Queue Length 95th (ft) 5 4 1 0
Control Delay (s) 13.3 11.9 0.3 0.4
Lane LOS B B A A
Approach Delay (s) 13.3 11.9 0.3 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 0 0 5 0 380 5 0 100 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 0 0 6 0 494 6 0 130 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 636 633 133 643 633 497 136 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 636 633 133 643 633 497 136 500
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 97 99 100 100 99 100 100
cM capacity (veh/h) 389 400 921 377 400 577 1460 1075

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 6 500 136
Volume Left 13 0 0 0
Volume Right 6 6 6 6
cSH 445 577 1460 1075
Volume to Capacity 0.07 0.01 0.00 0.00
Queue Length 95th (ft) 6 1 0 0
Control Delay (s) 13.7 11.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 13.7 11.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 35.0% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 30 0 0 10 380 60 5 110 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 38 0 0 13 481 76 6 139 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 696 734 139 712 696 519 139 557
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 696 734 139 712 696 519 139 557
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 89 100 100 99 99
cM capacity (veh/h) 355 345 914 333 362 561 1457 1024

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 38 570 146
Volume Left 6 38 13 6
Volume Right 13 0 76 0
cSH 506 333 1457 1024
Volume to Capacity 0.05 0.11 0.01 0.01
Queue Length 95th (ft) 4 10 1 0
Control Delay (s) 12.5 17.2 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 12.5 17.2 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 39.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 400 60 20 130 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 513 77 26 167 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 590 769 551
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 590 769 551
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 97 93 88
cM capacity (veh/h) 976 353 534

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 590 192 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 976 466
Volume to Capacity 0.35 0.03 0.19
Queue Length 95th (ft) 0 2 18
Control Delay (s) 0.0 1.4 14.6
Lane LOS A B
Approach Delay (s) 0.0 1.4 14.6
Approach LOS B

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 35.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 80 5 30 0 0 370 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 92 6 34 0 0 425 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 575 483 437 483 494 34 448 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 575 483 437 483 494 34 448 34
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 100 91 99 100
cM capacity (veh/h) 392 484 624 479 477 1041 1123 1590

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 103 40 448
Volume Left 11 6 0
Volume Right 92 0 23
cSH 921 1123 1700
Volume to Capacity 0.11 0.01 0.26
Queue Length 95th (ft) 9 0 0
Control Delay (s) 9.4 1.2 0.0
Lane LOS A A
Approach Delay (s) 9.4 1.2 0.0
Approach LOS A

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 32.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 0 5 0 0 0 0 20 60 370 20 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 0 6 0 0 0 0 23 69 425 23 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 931 966 23 937 931 57 23 92
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 931 966 23 937 931 57 23 92
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 88 100 99 100 100 100 100 72
cM capacity (veh/h) 191 184 1060 192 193 1014 1605 1509

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 29 92 448
Volume Left 23 0 425
Volume Right 6 69 0
cSH 228 1700 1509
Volume to Capacity 0.13 0.05 0.28
Queue Length 95th (ft) 11 0 29
Control Delay (s) 23.0 0.0 8.0
Lane LOS C A
Approach Delay (s) 23.0 0.0 8.0
Approach LOS C

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 290 20 20 80 10 20 10 60 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 315 22 22 87 11 22 11 65 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 98 337 478 478 326 543 484 92
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 98 337 478 478 326 543 484 92
tC, single (s) 4.1 4.2 7.2 6.7 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.5 4.2 3.3 3.5 4.0 3.3
p0 queue free % 100 98 95 98 91 95 98 100
cM capacity (veh/h) 1508 1179 476 451 715 398 475 970

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 342 120 98 33
Volume Left 5 22 22 22
Volume Right 22 11 65 0
cSH 1508 1179 608 421
Volume to Capacity 0.00 0.02 0.16 0.08
Queue Length 95th (ft) 0 1 14 6
Control Delay (s) 0.2 1.6 12.1 14.3
Lane LOS A A B B
Approach Delay (s) 0.2 1.6 12.1 14.3
Approach LOS B B

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 29.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 120 5 0 5 30 130 0 5 170 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 152 6 0 6 38 165 0 6 215 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 475 468 215 620 468 165 215 165
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 475 468 215 620 468 165 215 165
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 82 98 100 99 97 100
cM capacity (veh/h) 488 479 827 321 479 885 1349 1426

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 152 13 203 222
Volume Left 0 6 38 6
Volume Right 152 6 0 0
cSH 827 471 1349 1426
Volume to Capacity 0.18 0.03 0.03 0.00
Queue Length 95th (ft) 17 2 2 0
Control Delay (s) 10.3 12.9 1.6 0.3
Lane LOS B B A A
Approach Delay (s) 10.3 12.9 1.6 0.3
Approach LOS B B

Intersection Summary
Average Delay 3.6
Intersection Capacity Utilization 35.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 80 20 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 108 27 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 41 169 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 41 169 34
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 93 99
cM capacity (veh/h) 1582 819 990

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 122 41 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1582 1700 848
Volume to Capacity 0.01 0.02 0.08
Queue Length 95th (ft) 1 0 6
Control Delay (s) 0.9 0.0 9.6
Lane LOS A A
Approach Delay (s) 0.9 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 21.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 0 5 20 0 10 0 80 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 0 8 30 0 15 0 121 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 38 15 136
Volume Left (vph) 15 0 0 121
Volume Right (vph) 0 30 0 8
Hadj (s) 0.10 -0.28 0.17 0.18
Departure Headway (s) 4.4 4.0 4.4 4.2
Degree Utilization, x 0.04 0.04 0.02 0.16
Capacity (veh/h) 788 862 798 832
Control Delay (s) 7.5 7.2 7.4 8.1
Approach Delay (s) 7.5 7.2 7.4 8.1
Approach LOS A A A A

Intersection Summary
Delay 7.8
HCM Level of Service A
Intersection Capacity Utilization 26.1% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 0 5 10 0 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 0 10 20 0 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 20 60 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 20 60 20
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 99
cM capacity (veh/h) 1609 946 1064

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 20 30 10
Volume Left 0 10 0
Volume Right 0 0 10
cSH 1700 1609 1064
Volume to Capacity 0.01 0.01 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 2.4 8.4
Lane LOS A A
Approach Delay (s) 0.0 2.4 8.4
Approach LOS A

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 5 5 320 90 10 20 5 40 20 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 6 6 386 108 12 24 6 48 24 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 151 500 42 96
Volume Left (vph) 24 6 12 48
Volume Right (vph) 6 108 6 24
Hadj (s) 0.08 -0.07 -0.03 -0.02
Departure Headway (s) 4.9 4.4 5.6 5.4
Degree Utilization, x 0.21 0.61 0.07 0.15
Capacity (veh/h) 683 793 558 586
Control Delay (s) 9.2 14.1 8.9 9.4
Approach Delay (s) 9.2 14.1 8.9 9.4
Approach LOS A B A A

Intersection Summary
Delay 12.3
HCM Level of Service B
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 310 60 250 720 250 70 170 160 160 170 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3325 3390 1787 1694 1736 1773
Flt Permitted 0.78 0.75 0.54 1.00 0.34 1.00
Satd. Flow (perm) 2598 2551 1009 1694 627 1773
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 356 69 287 828 287 80 195 184 184 195 57
RTOR Reduction (vph) 0 21 0 0 33 0 0 49 0 0 15 0
Lane Group Flow (vph) 0 438 0 0 1369 0 80 330 0 184 237 0
Heavy Vehicles (%) 0% 7% 2% 1% 3% 1% 1% 4% 4% 4% 4% 2%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 37.8 37.8 20.5 20.5 20.5 20.5
Effective Green, g (s) 37.8 37.8 20.5 20.5 20.5 20.5
Actuated g/C Ratio 0.54 0.54 0.29 0.29 0.29 0.29
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1403 1378 295 496 184 519
v/s Ratio Prot 0.19 0.13
v/s Ratio Perm 0.17 c0.54 0.08 c0.29
v/c Ratio 0.31 0.99 0.27 0.67 1.00 0.46
Uniform Delay, d1 8.9 16.0 19.0 21.7 24.7 20.2
Progression Factor 1.00 0.32 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.6 21.4 0.5 3.4 66.3 0.6
Delay (s) 9.5 26.5 19.5 25.1 91.1 20.8
Level of Service A C B C F C
Approach Delay (s) 9.5 26.5 24.1 50.5
Approach LOS A C C D

Intersection Summary
HCM Average Control Delay 27.1 HCM Level of Service C
HCM Volume to Capacity ratio 1.00
Actuated Cycle Length (s) 70.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1510 240 120 530 0 0 0 0 140 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 4.0 5.0 5.0 2.5
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3462 1719 3725 1787 2787
Flt Permitted 1.00 0.28 1.00 0.95 1.00
Satd. Flow (perm) 3462 506 3725 1787 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1589 253 126 558 0 0 0 0 147 0 1453
RTOR Reduction (vph) 0 14 0 0 0 0 0 0 0 0 0 40
Lane Group Flow (vph) 0 1828 0 126 558 0 0 0 0 147 0 1413
Heavy Vehicles (%) 0% 2% 3% 5% 2% 0% 0% 0% 0% 1% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 5
Permitted Phases 6 4 4
Actuated Green, G (s) 48.0 20.7 20.7 11.6 46.8
Effective Green, g (s) 48.0 20.7 20.7 11.6 46.8
Actuated g/C Ratio 0.60 0.26 0.26 0.14 0.58
Clearance Time (s) 5.0 4.0 5.0 5.0 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2077 228 964 259 1717
v/s Ratio Prot c0.53 0.04 c0.15 c0.36
v/s Ratio Perm 0.10 0.08 0.15
v/c Ratio 0.88 0.55 0.58 0.57 0.82
Uniform Delay, d1 13.6 24.4 25.8 31.9 13.3
Progression Factor 0.63 0.83 0.86 1.00 1.00
Incremental Delay, d2 4.0 2.6 2.3 2.8 3.3
Delay (s) 12.5 22.9 24.5 34.7 16.6
Level of Service B C C C B
Approach Delay (s) 12.5 24.2 0.0 18.3
Approach LOS B C A B

Intersection Summary
HCM Average Control Delay 16.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 530 0 0 560 20 90 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1850 1608
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1850 1608
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 602 0 0 636 23 102 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 22 0 0 0 0
Lane Group Flow (vph) 0 602 0 0 658 0 0 125 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 2% 9% 7% 0% 15% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 58.5 58.5 11.5
Effective Green, g (s) 58.5 58.5 11.5
Actuated g/C Ratio 0.73 0.73 0.14
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2751 1353 231
v/s Ratio Prot 0.16 c0.36
v/s Ratio Perm 0.08
v/c Ratio 0.22 0.49 0.54
Uniform Delay, d1 3.4 4.5 31.8
Progression Factor 0.45 1.00 1.00
Incremental Delay, d2 0.1 1.3 2.4
Delay (s) 1.7 5.7 34.2
Level of Service A A C
Approach Delay (s) 1.7 5.7 34.2 0.0
Approach LOS A A C A

Intersection Summary
HCM Average Control Delay 7.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 80.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 20 20 140 0 5 300 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 25 25 177 0 6 380 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 652 627 177 636 623 383 386 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 652 627 177 636 623 383 386 177
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 97 99 96 98 96 98 100
cM capacity (veh/h) 357 393 871 360 394 658 1183 1411

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 44 203 392
Volume Left 0 13 25 6
Volume Right 6 25 0 6
cSH 481 494 1183 1411
Volume to Capacity 0.04 0.09 0.02 0.00
Queue Length 95th (ft) 3 7 2 0
Control Delay (s) 12.8 13.0 1.2 0.2
Lane LOS B B A A
Approach Delay (s) 12.8 13.0 1.2 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 34.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 0 0 160 20 0 310 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 0 0 203 25 0 392 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 614 620 392 614 608 215 392 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 614 620 392 614 608 215 392 228
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 100 100 100
cM capacity (veh/h) 397 406 661 397 413 830 1177 1352

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 25 228 392
Volume Left 6 13 0 0
Volume Right 0 0 25 0
cSH 403 405 1177 1352
Volume to Capacity 0.05 0.06 0.00 0.00
Queue Length 95th (ft) 4 5 0 0
Control Delay (s) 14.4 14.5 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.4 14.5 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.0
Intersection Capacity Utilization 26.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 180 5 10 320 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 237 7 13 421 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 711 701 240 711 704 421 421 243
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 711 701 240 711 704 421 421 243
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 99
cM capacity (veh/h) 338 360 804 339 358 637 1149 1335

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 250 434
Volume Left 7 0 7 13
Volume Right 7 7 7 0
cSH 430 459 1149 1335
Volume to Capacity 0.05 0.03 0.01 0.01
Queue Length 95th (ft) 4 2 0 1
Control Delay (s) 13.8 13.1 0.3 0.3
Lane LOS B B A A
Approach Delay (s) 13.8 13.1 0.3 0.3
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 33.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 170 0 0 320 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 221 0 0 416 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 646 643 422 643 649 221 429 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 646 643 422 643 649 221 429 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 98 100 100 100
cM capacity (veh/h) 382 395 636 389 391 824 1142 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 221 429
Volume Left 0 6 0 0
Volume Right 0 0 0 13
cSH 1700 390 1142 1360
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 3 0 0
Control Delay (s) 0.0 14.5 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 14.5 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 30 5 0 10 180 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 38 6 0 13 228 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 766 788 484 778 766 253 487 278
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 766 788 484 778 766 253 487 278
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 87 98 100 99 100
cM capacity (veh/h) 315 322 587 298 331 790 1086 1296

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 44 291 487
Volume Left 0 38 13 0
Volume Right 13 0 51 6
cSH 460 303 1086 1296
Volume to Capacity 0.04 0.15 0.01 0.00
Queue Length 95th (ft) 3 13 1 0
Control Delay (s) 13.2 18.9 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 18.9 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 35.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 190 20 60 350 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 244 26 77 449 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 269 859 256
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 269 859 256
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 71 93
cM capacity (veh/h) 1306 309 787

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 269 526 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1306 396
Volume to Capacity 0.16 0.06 0.36
Queue Length 95th (ft) 0 5 39
Control Delay (s) 0.0 1.7 19.0
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.0
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 49.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 70 0 350 10 20 0 0 150 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 80 0 402 11 23 0 0 172 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 638 236 190 236 253 23 207 23
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 638 236 190 236 253 23 207 23
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.3 2.2
p0 queue free % 100 100 100 89 100 62 99 100
cM capacity (veh/h) 241 663 857 716 648 1057 1318 1605

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 483 34 207
Volume Left 80 11 0
Volume Right 402 0 34
cSH 979 1318 1700
Volume to Capacity 0.49 0.01 0.12
Queue Length 95th (ft) 70 1 0
Control Delay (s) 12.2 2.6 0.0
Lane LOS B A
Approach Delay (s) 12.2 2.6 0.0
Approach LOS B

Intersection Summary
Average Delay 8.3
Intersection Capacity Utilization 42.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 0 5 0 0 0 0 10 20 140 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 0 6 0 0 0 0 11 23 161 92 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 437 448 92 443 437 23 92 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 437 448 92 443 437 23 92 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 95 100 99 100 100 100 100 90
cM capacity (veh/h) 492 457 971 485 464 1060 1515 1577

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 29 34 253
Volume Left 23 0 161
Volume Right 6 23 0
cSH 546 1700 1577
Volume to Capacity 0.05 0.02 0.10
Queue Length 95th (ft) 4 0 9
Control Delay (s) 12.0 0.0 5.1
Lane LOS B A
Approach Delay (s) 12.0 0.0 5.1
Approach LOS B

Intersection Summary
Average Delay 5.2
Intersection Capacity Utilization 28.6% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 130 20 40 260 10 20 10 10 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 141 22 43 283 11 22 11 11 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 163 549 543 152 554 549 288
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 163 549 543 152 554 549 288
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 100 97 95 97 99 95 97 99
cM capacity (veh/h) 1280 1410 426 434 899 413 431 756

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 168 337 43 38
Volume Left 5 43 22 22
Volume Right 22 11 11 5
cSH 1280 1410 493 447
Volume to Capacity 0.00 0.03 0.09 0.09
Queue Length 95th (ft) 0 2 7 7
Control Delay (s) 0.3 1.2 13.0 13.8
Lane LOS A A B B
Approach Delay (s) 0.3 1.2 13.0 13.8
Approach LOS B B

Intersection Summary
Average Delay 2.6
Intersection Capacity Utilization 38.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 50 5 5 10 100 170 5 5 180 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 63 6 6 13 127 215 6 6 228 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 731 718 231 778 718 218 234 222
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 731 718 231 778 718 218 234 222
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 100 92 98 98 98 91 100
cM capacity (veh/h) 305 322 803 269 322 826 1339 1359

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 70 25 348 241
Volume Left 6 6 127 6
Volume Right 63 13 6 6
cSH 699 433 1339 1359
Volume to Capacity 0.10 0.06 0.09 0.00
Queue Length 95th (ft) 8 5 8 0
Control Delay (s) 10.7 13.8 3.4 0.2
Lane LOS B B A A
Approach Delay (s) 10.7 13.8 3.4 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 40 70 40 20 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 54 95 54 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 149 203 122
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 149 203 122
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 96 99
cM capacity (veh/h) 1445 772 935

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 68 149 41
Volume Left 14 0 27
Volume Right 0 54 14
cSH 1445 1700 819
Volume to Capacity 0.01 0.09 0.05
Queue Length 95th (ft) 1 0 4
Control Delay (s) 1.6 0.0 9.6
Lane LOS A A
Approach Delay (s) 1.6 0.0 9.6
Approach LOS A

Intersection Summary
Average Delay 1.9
Intersection Capacity Utilization 19.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 10 0 10 10 60 5 5 0 30 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 8 15 0 15 15 91 8 8 0 45 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 23 121 15 68
Volume Left (vph) 8 15 8 45
Volume Right (vph) 0 91 0 15
Hadj (s) 0.07 -0.40 0.10 0.00
Departure Headway (s) 4.3 3.7 4.4 4.2
Degree Utilization, x 0.03 0.12 0.02 0.08
Capacity (veh/h) 819 946 787 825
Control Delay (s) 7.4 7.2 7.4 7.6
Approach Delay (s) 7.4 7.2 7.4 7.6
Approach LOS A A A A

Intersection Summary
Delay 7.4
HCM Level of Service A
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 5 10 5 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 10 20 10 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 65 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 65 25
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 100
cM capacity (veh/h) 1596 940 1057

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 30 10
Volume Left 0 10 10
Volume Right 10 0 0
cSH 1700 1596 940
Volume to Capacity 0.02 0.01 0.01
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 2.5 8.9
Lane LOS A A
Approach Delay (s) 0.0 2.5 8.9
Approach LOS A

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 No-Action Wellsville - (Improved)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North No Action - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 70 330 5 0 60 60 5 100 5 100 30 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 6 0 72 72 6 120 6 120 36 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 488 145 133 181
Volume Left (vph) 84 0 6 120
Volume Right (vph) 6 72 6 24
Hadj (s) 0.09 -0.23 0.01 0.13
Departure Headway (s) 5.2 5.4 6.0 6.0
Degree Utilization, x 0.70 0.22 0.22 0.30
Capacity (veh/h) 672 599 524 538
Control Delay (s) 19.6 9.9 10.7 11.6
Approach Delay (s) 19.6 9.9 10.7 11.6
Approach LOS C A B B

Intersection Summary
Delay 15.3
HCM Level of Service C
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 640 70 110 250 120 80 360 220 160 230 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 2.5 5.8 2.5 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3394 3187 1805 1723 1736 1798
Flt Permitted 0.86 0.54 0.55 1.00 0.11 1.00
Satd. Flow (perm) 2913 1729 1054 1723 193 1798
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 736 80 126 287 138 92 414 253 184 264 34
RTOR Reduction (vph) 0 9 0 0 37 0 0 25 0 0 5 0
Lane Group Flow (vph) 0 864 0 0 514 0 92 642 0 184 293 0
Heavy Vehicles (%) 4% 5% 1% 7% 9% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 32.0 32.0 40.9 35.9 46.3 38.8
Effective Green, g (s) 32.0 32.0 40.9 35.9 46.3 38.8
Actuated g/C Ratio 0.36 0.36 0.45 0.40 0.51 0.43
Clearance Time (s) 5.9 5.9 2.5 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1036 615 521 687 235 775
v/s Ratio Prot 0.01 c0.37 c0.07 0.16
v/s Ratio Perm 0.30 c0.30 0.07 0.33
v/c Ratio 0.83 0.84 0.18 0.94 0.78 0.38
Uniform Delay, d1 26.6 26.6 14.1 25.9 17.9 17.4
Progression Factor 1.00 1.17 1.06 1.01 1.00 1.00
Incremental Delay, d2 7.9 12.5 0.2 19.9 15.5 0.3
Delay (s) 34.5 43.7 15.1 46.1 33.4 17.7
Level of Service C D B D C B
Approach Delay (s) 34.5 43.7 42.4 23.7
Approach LOS C D D C

Intersection Summary
HCM Average Control Delay 36.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.2
Intersection Capacity Utilization 94.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1970 50 30 540 0 0 0 0 60 0 1060
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3544 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3544 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2074 53 32 568 0 0 0 0 63 0 1116
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2125 0 32 568 0 0 0 0 63 0 1116
Heavy Vehicles (%) 0% 1% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 65.1 4.2 26.8 5.7 42.5
Effective Green, g (s) 65.1 4.2 26.8 5.7 42.5
Actuated g/C Ratio 0.72 0.05 0.30 0.06 0.47
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2563 77 1099 104 1303
v/s Ratio Prot c0.60 0.02 c0.15 c0.04 0.40
v/s Ratio Perm
v/c Ratio 0.83 0.42 0.52 0.61 0.86
Uniform Delay, d1 8.6 41.7 26.2 41.1 21.0
Progression Factor 0.66 0.99 0.92 1.00 1.00
Incremental Delay, d2 2.2 3.1 1.5 9.6 5.8
Delay (s) 7.9 44.5 25.6 50.6 26.8
Level of Service A D C D C
Approach Delay (s) 7.9 26.6 0.0 28.1
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 16.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 400 140 170 0 110 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1798 1629
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1798 1629
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 455 159 193 0 125 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 31 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 603 0 0 287 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 6% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 59.0 59.0 21.0
Effective Green, g (s) 59.0 59.0 21.0
Actuated g/C Ratio 0.66 0.66 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2442 1179 380
v/s Ratio Prot 0.12 c0.34
v/s Ratio Perm 0.18
v/c Ratio 0.19 0.51 0.76
Uniform Delay, d1 6.1 8.0 32.1
Progression Factor 0.48 1.00 1.00
Incremental Delay, d2 0.1 1.6 8.3
Delay (s) 3.0 9.6 40.4
Level of Service A A D
Approach Delay (s) 3.0 9.6 40.4 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 14.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 20 70 300 0 5 100 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 25 89 380 0 6 127 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 731 709 380 715 703 133 139 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 731 709 380 715 703 133 139 380
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 92 100 96 98 97 94 99
cM capacity (veh/h) 309 338 672 312 340 908 1438 1190

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 44 468 146
Volume Left 0 13 89 6
Volume Right 0 25 0 13
cSH 338 509 1438 1190
Volume to Capacity 0.08 0.09 0.06 0.01
Queue Length 95th (ft) 6 7 5 0
Control Delay (s) 16.5 12.7 1.9 0.4
Lane LOS C B A A
Approach Delay (s) 16.5 12.7 1.9 0.4
Approach LOS C B

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 41.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 380 10 0 110 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 481 13 0 139 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 642 636 142 636 633 487 146 494
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 642 636 142 636 633 487 146 494
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 99 100 100
cM capacity (veh/h) 376 398 911 384 400 584 1449 1080

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 494 146
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 390 419 1449 1080
Volume to Capacity 0.05 0.08 0.00 0.00
Queue Length 95th (ft) 4 6 0 0
Control Delay (s) 14.7 14.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.7 14.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 10 20 380 0 5 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 13 26 500 0 7 158 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 743 724 500 740 724 158 158 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 743 724 500 740 724 158 158 500
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 96 99 98 99
cM capacity (veh/h) 313 346 575 317 346 893 1434 1075

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 26 526 164
Volume Left 7 0 26 7
Volume Right 13 13 0 0
cSH 418 499 1434 1075
Volume to Capacity 0.06 0.05 0.02 0.01
Queue Length 95th (ft) 5 4 1 0
Control Delay (s) 14.2 12.6 0.6 0.4
Lane LOS B B A A
Approach Delay (s) 14.2 12.6 0.6 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 39.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 5 0 5 0 400 5 0 120 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 6 0 6 0 519 6 0 156 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 688 685 159 695 685 523 162 526
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 688 685 159 695 685 523 162 526
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 97 99 98 100 99 100 100
cM capacity (veh/h) 359 373 891 347 373 558 1429 1051

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 13 526 162
Volume Left 13 6 0 0
Volume Right 6 6 6 6
cSH 415 428 1429 1051
Volume to Capacity 0.08 0.03 0.00 0.00
Queue Length 95th (ft) 6 2 0 0
Control Delay (s) 14.4 13.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.4 13.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 31.4% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 40 0 0 10 400 70 5 130 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 51 0 0 13 506 89 6 165 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 753 797 165 769 753 551 165 595
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 753 797 165 769 753 551 165 595
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 83 100 100 99 99
cM capacity (veh/h) 325 317 885 302 336 538 1426 991

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 51 608 171
Volume Left 6 51 13 6
Volume Right 13 0 89 0
cSH 471 302 1426 991
Volume to Capacity 0.05 0.17 0.01 0.01
Queue Length 95th (ft) 4 15 1 0
Control Delay (s) 13.1 19.3 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 13.1 19.3 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 430 60 20 160 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 551 77 26 205 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 628 846 590
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 628 846 590
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 92 87
cM capacity (veh/h) 939 320 508

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 628 231 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 939 435
Volume to Capacity 0.37 0.03 0.21
Queue Length 95th (ft) 0 2 19
Control Delay (s) 0.0 1.2 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.2 15.4
Approach LOS C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 37.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 190 5 40 0 0 510 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 218 6 46 0 0 586 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 874 655 598 655 667 46 609 46
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 874 655 598 655 667 46 609 46
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.5 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.6 2.2 2.2
p0 queue free % 100 100 100 97 100 77 99 100
cM capacity (veh/h) 209 386 506 367 380 944 979 1575

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 230 52 609
Volume Left 11 6 0
Volume Right 218 0 23
cSH 876 979 1700
Volume to Capacity 0.26 0.01 0.36
Queue Length 95th (ft) 26 0 0
Control Delay (s) 10.6 1.0 0.0
Lane LOS B A
Approach Delay (s) 10.6 1.0 0.0
Approach LOS B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 5 5 0 0 0 0 20 60 500 20 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 6 6 0 0 0 0 23 69 575 23 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1230 1264 23 1239 1230 57 23 92
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1230 1264 23 1239 1230 57 23 92
tC, single (s) 7.2 6.5 6.2 7.1 6.5 6.2 4.1 4.3
tC, 2 stage (s)
tF (s) 3.6 4.0 3.3 3.5 4.0 3.3 2.2 2.4
p0 queue free % 77 94 99 100 100 100 100 59
cM capacity (veh/h) 99 101 1060 100 106 1014 1605 1408

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 34 92 598
Volume Left 23 0 575
Volume Right 6 69 0
cSH 117 1700 1408
Volume to Capacity 0.29 0.05 0.41
Queue Length 95th (ft) 28 0 51
Control Delay (s) 48.1 0.0 9.1
Lane LOS E A
Approach Delay (s) 48.1 0.0 9.1
Approach LOS E

Intersection Summary
Average Delay 9.8
Intersection Capacity Utilization 45.4% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 290 20 50 80 5 20 10 90 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 315 22 54 87 5 22 11 98 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 92 337 541 538 326 639 546 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 92 337 541 538 326 639 546 90
tC, single (s) 4.1 4.2 7.2 6.8 6.3 7.1 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.3 3.4 3.5 4.1 3.3
p0 queue free % 100 95 95 97 86 93 97 100
cM capacity (veh/h) 1515 1179 408 392 704 318 413 974

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 342 147 130 33
Volume Left 5 54 22 22
Volume Right 22 5 98 0
cSH 1515 1179 593 344
Volume to Capacity 0.00 0.05 0.22 0.09
Queue Length 95th (ft) 0 4 21 8
Control Delay (s) 0.1 3.3 12.8 16.6
Lane LOS A A B C
Approach Delay (s) 0.1 3.3 12.8 16.6
Approach LOS B C

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 270 5 0 5 140 130 0 5 170 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 342 6 0 6 177 165 0 6 215 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 753 747 215 1089 747 165 215 165
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 753 747 215 1089 747 165 215 165
tC, single (s) 7.1 6.5 6.5 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.3 2.6 2.2
p0 queue free % 100 100 54 93 100 99 84 100
cM capacity (veh/h) 286 289 751 93 289 885 1137 1426

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 342 13 342 222
Volume Left 0 6 177 6
Volume Right 342 6 0 0
cSH 751 168 1137 1426
Volume to Capacity 0.46 0.08 0.16 0.00
Queue Length 95th (ft) 60 6 14 0
Control Delay (s) 13.7 28.1 5.3 0.3
Lane LOS B D A A
Approach Delay (s) 13.7 28.1 5.3 0.3
Approach LOS B D

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 50.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 230 130 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 311 176 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 189 520 182
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 189 520 182
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 89 98
cM capacity (veh/h) 1397 515 816

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 324 189 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1397 1700 556
Volume to Capacity 0.01 0.11 0.12
Queue Length 95th (ft) 1 0 10
Control Delay (s) 0.4 0.0 12.4
Lane LOS A B
Approach Delay (s) 0.4 0.0 12.4
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 30.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 40 150 0 0 120 20 0 5 0 80 5 30
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 61 227 0 0 182 30 0 8 0 121 8 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 288 212 8 174
Volume Left (vph) 61 0 0 121
Volume Right (vph) 0 30 0 45
Hadj (s) 0.93 0.71 0.34 0.08
Departure Headway (s) 5.7 5.6 6.0 5.4
Degree Utilization, x 0.45 0.33 0.01 0.26
Capacity (veh/h) 610 619 519 613
Control Delay (s) 13.3 11.3 9.1 10.3
Approach Delay (s) 13.3 11.3 9.1 10.3
Approach LOS B B A B

Intersection Summary
Delay 11.9
HCM Level of Service B
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 5 0 150 5 0 190
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 10 0 300 10 0 380
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 620 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 620 10
tC, single (s) 4.6 6.4 6.7
tC, 2 stage (s)
tF (s) 2.6 3.5 3.8
p0 queue free % 78 100 60
cM capacity (veh/h) 1370 355 940

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 10 310 380
Volume Left 0 300 0
Volume Right 0 0 380
cSH 1700 1370 940
Volume to Capacity 0.01 0.22 0.40
Queue Length 95th (ft) 0 21 49
Control Delay (s) 0.0 8.2 11.4
Lane LOS A B
Approach Delay (s) 0.0 8.2 11.4
Approach LOS B

Intersection Summary
Average Delay 9.8
Intersection Capacity Utilization 33.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 180 150 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 360 300 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 370 200 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 370 200 190
tC, single (s) 4.1 6.8 6.2
tC, 2 stage (s)
tF (s) 2.2 3.9 3.3
p0 queue free % 100 57 99
cM capacity (veh/h) 1200 701 857

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 370 310
Volume Left 0 0 300
Volume Right 0 360 10
cSH 1200 1700 705
Volume to Capacity 0.00 0.22 0.44
Queue Length 95th (ft) 0 0 56
Control Delay (s) 0.0 0.0 14.1
Lane LOS B
Approach Delay (s) 0.0 0.0 14.1
Approach LOS B

Intersection Summary
Average Delay 6.3
Intersection Capacity Utilization 26.7% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 70 330 5 0 60 60 5 100 5 100 30 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 84 398 6 0 72 72 6 120 6 120 36 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 145 404 720 714 401 744 681 108
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 145 404 720 714 401 744 681 108
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.2 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 94 100 98 64 99 46 90 97
cM capacity (veh/h) 1426 1166 296 336 654 224 350 937

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 488 145 133 181
Volume Left 84 0 6 120
Volume Right 6 72 6 24
cSH 1426 1166 341 271
Volume to Capacity 0.06 0.00 0.39 0.67
Queue Length 95th (ft) 5 0 45 109
Control Delay (s) 1.8 0.0 22.1 41.5
Lane LOS A C E
Approach Delay (s) 1.8 0.0 22.1 41.5
Approach LOS C E

Intersection Summary
Average Delay 12.0
Intersection Capacity Utilization 49.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 640 70 110 250 120 80 360 220 160 230 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 2.5 5.8 2.5 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.99 0.96 1.00 0.94 1.00 0.98
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3394 3187 1805 1723 1736 1798
Flt Permitted 0.86 0.54 0.55 1.00 0.11 1.00
Satd. Flow (perm) 2913 1729 1054 1723 193 1798
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 57 736 80 126 287 138 92 414 253 184 264 34
RTOR Reduction (vph) 0 9 0 0 37 0 0 25 0 0 5 0
Lane Group Flow (vph) 0 864 0 0 514 0 92 642 0 184 293 0
Heavy Vehicles (%) 4% 5% 1% 7% 9% 6% 0% 4% 4% 4% 4% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 32.0 32.0 40.9 35.9 46.3 38.8
Effective Green, g (s) 32.0 32.0 40.9 35.9 46.3 38.8
Actuated g/C Ratio 0.36 0.36 0.45 0.40 0.51 0.43
Clearance Time (s) 5.9 5.9 2.5 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1036 615 521 687 235 775
v/s Ratio Prot 0.01 c0.37 c0.07 0.16
v/s Ratio Perm 0.30 c0.30 0.07 0.33
v/c Ratio 0.83 0.84 0.18 0.94 0.78 0.38
Uniform Delay, d1 26.6 26.6 14.1 25.9 17.9 17.4
Progression Factor 1.00 1.17 1.06 1.01 1.00 1.00
Incremental Delay, d2 7.9 12.5 0.2 19.9 15.5 0.3
Delay (s) 34.5 43.7 15.1 46.1 33.4 17.7
Level of Service C D B D C B
Approach Delay (s) 34.5 43.7 42.4 23.7
Approach LOS C D D C

Intersection Summary
HCM Average Control Delay 36.7 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.2
Intersection Capacity Utilization 94.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1970 50 30 540 0 0 0 0 60 0 1060
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3544 1641 3689 1641 2760
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3544 1641 3689 1641 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2074 53 32 568 0 0 0 0 63 0 1116
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 2125 0 32 568 0 0 0 0 63 0 1116
Heavy Vehicles (%) 0% 1% 20% 10% 3% 0% 0% 0% 0% 10% 0% 3%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 65.1 4.2 26.8 5.7 42.5
Effective Green, g (s) 65.1 4.2 26.8 5.7 42.5
Actuated g/C Ratio 0.72 0.05 0.30 0.06 0.47
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2563 77 1099 104 1303
v/s Ratio Prot c0.60 0.02 c0.15 c0.04 0.40
v/s Ratio Perm
v/c Ratio 0.83 0.42 0.52 0.61 0.86
Uniform Delay, d1 8.6 41.7 26.2 41.1 21.0
Progression Factor 0.66 0.99 0.92 1.00 1.00
Incremental Delay, d2 2.2 3.1 1.5 9.6 5.8
Delay (s) 7.9 44.5 25.6 50.6 26.8
Level of Service A D C D C
Approach Delay (s) 7.9 26.6 0.0 28.1
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 16.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 66.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 400 0 0 400 140 170 0 110 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 0.97 0.95
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3725 1798 1629
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3725 1798 1629
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 455 0 0 455 159 193 0 125 0 0 0
RTOR Reduction (vph) 0 0 0 0 11 0 0 31 0 0 0 0
Lane Group Flow (vph) 0 455 0 0 603 0 0 287 0 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 6% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 59.0 59.0 21.0
Effective Green, g (s) 59.0 59.0 21.0
Actuated g/C Ratio 0.66 0.66 0.23
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2442 1179 380
v/s Ratio Prot 0.12 c0.34
v/s Ratio Perm 0.18
v/c Ratio 0.19 0.51 0.76
Uniform Delay, d1 6.1 8.0 32.1
Progression Factor 0.48 1.00 1.00
Incremental Delay, d2 0.1 1.6 8.3
Delay (s) 3.0 9.6 40.4
Level of Service A A D
Approach Delay (s) 3.0 9.6 40.4 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 14.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 104.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - (Mitigated) - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 20 0 10 5 20 70 300 0 5 100 10
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 25 0 13 6 25 89 380 0 6 127 13
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 731 709 380 715 703 133 139 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 731 709 380 715 703 133 139 380
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 92 100 96 98 97 94 99
cM capacity (veh/h) 309 338 672 312 340 908 1438 1190

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 25 44 468 146
Volume Left 0 13 89 6
Volume Right 0 25 0 13
cSH 338 509 1438 1190
Volume to Capacity 0.08 0.09 0.06 0.01
Queue Length 95th (ft) 6 7 5 0
Control Delay (s) 16.5 12.7 1.9 0.4
Lane LOS C B A A
Approach Delay (s) 16.5 12.7 1.9 0.4
Approach LOS C B

Intersection Summary
Average Delay 2.9
Intersection Capacity Utilization 41.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 10 0 10 10 5 0 380 10 0 110 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 13 0 13 13 6 0 481 13 0 139 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 642 636 142 636 633 487 146 494
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 642 636 142 636 633 487 146 494
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 97 100 97 97 99 100 100
cM capacity (veh/h) 376 398 911 384 400 584 1449 1080

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 19 32 494 146
Volume Left 6 13 0 0
Volume Right 0 6 13 6
cSH 390 419 1449 1080
Volume to Capacity 0.05 0.08 0.00 0.00
Queue Length 95th (ft) 4 6 0 0
Control Delay (s) 14.7 14.3 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.7 14.3 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 30.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 0 10 10 20 380 0 5 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 13 0 13 13 26 500 0 7 158 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 743 724 500 740 724 158 158 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 743 724 500 740 724 158 158 500
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 98 100 96 99 98 99
cM capacity (veh/h) 313 346 575 317 346 893 1434 1075

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 26 26 526 164
Volume Left 7 0 26 7
Volume Right 13 13 0 0
cSH 418 499 1434 1075
Volume to Capacity 0.06 0.05 0.02 0.01
Queue Length 95th (ft) 5 4 1 0
Control Delay (s) 14.2 12.6 0.6 0.4
Lane LOS B B A A
Approach Delay (s) 14.2 12.6 0.6 0.4
Approach LOS B B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 39.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 10 10 5 5 0 5 0 400 5 0 120 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 13 13 6 6 0 6 0 519 6 0 156 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 688 685 159 695 685 523 162 526
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 688 685 159 695 685 523 162 526
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 97 99 98 100 99 100 100
cM capacity (veh/h) 359 373 891 347 373 558 1429 1051

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 32 13 526 162
Volume Left 13 6 0 0
Volume Right 6 6 6 6
cSH 415 428 1429 1051
Volume to Capacity 0.08 0.03 0.00 0.00
Queue Length 95th (ft) 6 2 0 0
Control Delay (s) 14.4 13.7 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.4 13.7 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.9
Intersection Capacity Utilization 31.4% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 10 40 0 0 10 400 70 5 130 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 13 51 0 0 13 506 89 6 165 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 753 797 165 769 753 551 165 595
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 753 797 165 769 753 551 165 595
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 83 100 100 99 99
cM capacity (veh/h) 325 317 885 302 336 538 1426 991

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 25 51 608 171
Volume Left 6 51 13 6
Volume Right 13 0 89 0
cSH 471 302 1426 991
Volume to Capacity 0.05 0.17 0.01 0.01
Queue Length 95th (ft) 4 15 1 0
Control Delay (s) 13.1 19.3 0.3 0.4
Lane LOS B C A A
Approach Delay (s) 13.1 19.3 0.3 0.4
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 430 60 20 160 20 50
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 551 77 26 205 26 64
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 628 846 590
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 628 846 590
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 97 92 87
cM capacity (veh/h) 939 320 508

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 628 231 90
Volume Left 0 26 26
Volume Right 77 0 64
cSH 1700 939 435
Volume to Capacity 0.37 0.03 0.21
Queue Length 95th (ft) 0 2 19
Control Delay (s) 0.0 1.2 15.4
Lane LOS A C
Approach Delay (s) 0.0 1.2 15.4
Approach LOS C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 37.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 10 0 190 5 40 0 0 510 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 11 0 218 6 46 0 0 586 23
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 811
pX, platoon unblocked
vC, conflicting volume 874 655 598 655 667 46 609 46
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 874 655 598 655 667 46 609 46
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.5 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.6 2.2 2.2
p0 queue free % 100 100 100 97 100 77 99 100
cM capacity (veh/h) 209 386 506 367 380 944 979 1575

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 230 52 609
Volume Left 11 6 0
Volume Right 218 0 23
cSH 876 979 1700
Volume to Capacity 0.26 0.01 0.36
Queue Length 95th (ft) 26 0 0
Control Delay (s) 10.6 1.0 0.0
Lane LOS B A
Approach Delay (s) 10.6 1.0 0.0
Approach LOS B

Intersection Summary
Average Delay 2.8
Intersection Capacity Utilization 47.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 5 5 0 0 0 0 20 60 500 20 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.90 1.00
Flt Protected 0.97 1.00 0.95
Satd. Flow (prot) 1636 1662 1543
Flt Permitted 0.97 1.00 0.67
Satd. Flow (perm) 1636 1662 1080
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 6 6 0 0 0 0 23 69 575 23 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 15 0 0 0 0
Lane Group Flow (vph) 0 29 0 0 0 0 0 77 0 0 598 0
Heavy Vehicles (%) 15% 0% 0% 0% 0% 0% 0% 5% 2% 18% 5% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 2.4 45.2 45.2
Effective Green, g (s) 2.4 45.2 45.2
Actuated g/C Ratio 0.04 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 68 1304 848
v/s Ratio Prot 0.05
v/s Ratio Perm 0.02 c0.55
v/c Ratio 0.43 0.06 0.71
Uniform Delay, d1 26.9 1.4 3.0
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 4.3 0.0 2.7
Delay (s) 31.3 1.4 5.7
Level of Service C A A
Approach Delay (s) 31.3 0.0 1.4 5.7
Approach LOS C A A A

Intersection Summary
HCM Average Control Delay 6.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 57.6 Sum of lost time (s) 10.0
Intersection Capacity Utilization 47.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - (Mitigated) - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 290 20 50 80 5 20 10 90 20 10 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 315 22 54 87 5 22 11 98 22 11 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 92 337 541 538 326 639 546 90
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 92 337 541 538 326 639 546 90
tC, single (s) 4.1 4.2 7.2 6.8 6.3 7.1 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.3 3.4 3.5 4.1 3.3
p0 queue free % 100 95 95 97 86 93 97 100
cM capacity (veh/h) 1515 1179 408 392 704 318 413 974

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 342 147 130 33
Volume Left 5 54 22 22
Volume Right 22 5 98 0
cSH 1515 1179 593 344
Volume to Capacity 0.00 0.05 0.22 0.09
Queue Length 95th (ft) 0 4 21 8
Control Delay (s) 0.1 3.3 12.8 16.6
Lane LOS A A B C
Approach Delay (s) 0.1 3.3 12.8 16.6
Approach LOS B C

Intersection Summary
Average Delay 4.2
Intersection Capacity Utilization 41.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 270 5 0 5 140 130 0 5 170 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 342 6 0 6 177 165 0 6 215 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 753 747 215 1089 747 165 215 165
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 753 747 215 1089 747 165 215 165
tC, single (s) 7.1 6.5 6.5 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.3 2.6 2.2
p0 queue free % 100 100 54 93 100 99 84 100
cM capacity (veh/h) 286 289 751 93 289 885 1137 1426

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 342 13 342 222
Volume Left 0 6 177 6
Volume Right 342 6 0 0
cSH 751 168 1137 1426
Volume to Capacity 0.46 0.08 0.16 0.00
Queue Length 95th (ft) 60 6 14 0
Control Delay (s) 13.7 28.1 5.3 0.3
Lane LOS B D A A
Approach Delay (s) 13.7 28.1 5.3 0.3
Approach LOS B D

Intersection Summary
Average Delay 7.5
Intersection Capacity Utilization 50.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 230 130 10 40 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 311 176 14 54 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 189 520 182
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 189 520 182
tC, single (s) 4.1 6.4 6.4
tC, 2 stage (s)
tF (s) 2.2 3.5 3.5
p0 queue free % 99 89 98
cM capacity (veh/h) 1397 515 816

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 324 189 68
Volume Left 14 0 54
Volume Right 0 14 14
cSH 1397 1700 556
Volume to Capacity 0.01 0.11 0.12
Queue Length 95th (ft) 1 0 10
Control Delay (s) 0.4 0.0 12.4
Lane LOS A B
Approach Delay (s) 0.4 0.0 12.4
Approach LOS B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 30.2% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 40 150 0 0 120 20 0 5 0 80 5 30
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 61 227 0 0 182 30 0 8 0 121 8 45

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 288 212 8 174
Volume Left (vph) 61 0 0 121
Volume Right (vph) 0 30 0 45
Hadj (s) 0.93 0.71 0.34 0.08
Departure Headway (s) 5.7 5.6 6.0 5.4
Degree Utilization, x 0.45 0.33 0.01 0.26
Capacity (veh/h) 610 619 519 613
Control Delay (s) 13.3 11.3 9.1 10.3
Approach Delay (s) 13.3 11.3 9.1 10.3
Approach LOS B B A B

Intersection Summary
Delay 11.9
HCM Level of Service B
Intersection Capacity Utilization 40.8% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 5 0 150 5 0 190
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 10 0 300 10 0 380
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 620 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 620 10
tC, single (s) 4.6 6.4 6.7
tC, 2 stage (s)
tF (s) 2.6 3.5 3.8
p0 queue free % 78 100 60
cM capacity (veh/h) 1370 355 940

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 10 310 380
Volume Left 0 300 0
Volume Right 0 0 380
cSH 1700 1370 940
Volume to Capacity 0.01 0.22 0.40
Queue Length 95th (ft) 0 21 49
Control Delay (s) 0.0 8.2 11.4
Lane LOS A B
Approach Delay (s) 0.0 8.2 11.4
Approach LOS B

Intersection Summary
Average Delay 9.8
Intersection Capacity Utilization 33.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 180 150 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 360 300 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 370 200 190
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 370 200 190
tC, single (s) 4.1 6.8 6.2
tC, 2 stage (s)
tF (s) 2.2 3.9 3.3
p0 queue free % 100 57 99
cM capacity (veh/h) 1200 701 857

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 370 310
Volume Left 0 0 300
Volume Right 0 360 10
cSH 1200 1700 705
Volume to Capacity 0.00 0.22 0.44
Queue Length 95th (ft) 0 0 56
Control Delay (s) 0.0 0.0 14.1
Lane LOS B
Approach Delay (s) 0.0 0.0 14.1
Approach LOS B

Intersection Summary
Average Delay 6.3
Intersection Capacity Utilization 26.7% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - AM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
1: 175th Street & Waverly Road  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 100 5 5 320 90 10 20 5 40 20 20
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 6 6 386 108 12 24 6 48 24 24

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 151 500 42 96
Volume Left (vph) 24 6 12 48
Volume Right (vph) 6 108 6 24
Hadj (s) 0.08 -0.07 -0.03 -0.02
Departure Headway (s) 4.9 4.4 5.6 5.4
Degree Utilization, x 0.21 0.61 0.07 0.15
Capacity (veh/h) 683 793 558 586
Control Delay (s) 9.2 14.1 8.9 9.4
Approach Delay (s) 9.2 14.1 8.9 9.4
Approach LOS A B A A

Intersection Summary
Delay 12.3
HCM Level of Service B
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
2: US 56 & Gardner Road  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 310 60 250 720 250 70 170 160 160 170 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3294 3390 1787 1694 1736 1765
Flt Permitted 0.77 0.74 0.51 1.00 0.32 1.00
Satd. Flow (perm) 2534 2533 954 1694 593 1765
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 356 69 287 828 287 80 195 184 184 195 57
RTOR Reduction (vph) 0 16 0 0 25 0 0 38 0 0 12 0
Lane Group Flow (vph) 0 443 0 0 1377 0 80 342 0 184 240 0
Heavy Vehicles (%) 3% 8% 2% 1% 3% 1% 1% 4% 4% 4% 4% 4%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 50.8 50.8 27.5 27.5 27.5 27.5
Effective Green, g (s) 50.8 50.8 27.5 27.5 27.5 27.5
Actuated g/C Ratio 0.56 0.56 0.31 0.31 0.31 0.31
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1430 1430 292 518 181 539
v/s Ratio Prot 0.20 0.14
v/s Ratio Perm 0.17 c0.54 0.08 c0.31
v/c Ratio 0.31 0.96 0.27 0.66 1.02 0.45
Uniform Delay, d1 10.3 18.7 23.7 27.2 31.2 25.1
Progression Factor 1.00 0.67 1.17 1.16 1.00 1.00
Incremental Delay, d2 0.6 15.3 0.5 3.0 71.3 0.6
Delay (s) 10.9 27.7 28.3 34.5 102.5 25.7
Level of Service B C C C F C
Approach Delay (s) 10.9 27.7 33.4 58.1
Approach LOS B C C E

Intersection Summary
HCM Average Control Delay 30.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.98
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
8: US-56 & I-35 SB Ramps  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1510 240 120 530 0 0 0 0 140 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3462 1687 3725 1787 2787
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3462 1687 3725 1787 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1589 253 126 558 0 0 0 0 147 0 1453
RTOR Reduction (vph) 0 13 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1829 0 126 558 0 0 0 0 147 0 1453
Heavy Vehicles (%) 0% 2% 3% 7% 2% 0% 0% 0% 0% 1% 0% 2%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 61.1 12.6 23.3 11.3 50.4
Effective Green, g (s) 61.1 12.6 23.3 11.3 50.4
Actuated g/C Ratio 0.61 0.13 0.23 0.11 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2115 213 868 202 1405
v/s Ratio Prot c0.53 0.07 c0.15 c0.08 c0.52
v/s Ratio Perm
v/c Ratio 0.86 0.59 0.64 0.73 1.03
Uniform Delay, d1 16.0 41.3 34.6 42.9 24.8
Progression Factor 0.69 0.89 0.88 1.00 1.00
Incremental Delay, d2 3.6 3.9 3.3 12.3 33.3
Delay (s) 14.7 40.7 33.9 55.2 58.1
Level of Service B D C E E
Approach Delay (s) 14.7 35.1 0.0 57.8
Approach LOS B D A E

Intersection Summary
HCM Average Control Delay 34.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
9: US-56 & I-35 NB Ramps  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 530 0 0 560 20 90 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1832 1576
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1832 1576
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 602 0 0 636 23 102 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 18 0 0 0 0
Lane Group Flow (vph) 0 602 0 0 658 0 0 129 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 8% 0% 20% 0% 0% 0%
Turn Type Perm
Protected Phases 2 6 8
Permitted Phases 8
Actuated Green, G (s) 76.6 76.6 13.4
Effective Green, g (s) 76.6 76.6 13.4
Actuated g/C Ratio 0.77 0.77 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2882 1403 211
v/s Ratio Prot 0.16 c0.36
v/s Ratio Perm 0.08
v/c Ratio 0.21 0.47 0.61
Uniform Delay, d1 3.3 4.3 40.8
Progression Factor 0.72 1.00 1.00
Incremental Delay, d2 0.1 1.1 5.1
Delay (s) 2.5 5.4 46.0
Level of Service A A D
Approach Delay (s) 2.5 5.4 46.0 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 8.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
11: Waverly Road & US 56  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 20 20 140 0 5 310 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 25 25 177 0 6 392 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 665 639 177 649 636 396 399 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 665 639 177 649 636 396 399 177
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 97 99 96 98 96 98 100
cM capacity (veh/h) 350 386 871 353 388 647 1171 1411

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 44 203 405
Volume Left 0 13 25 6
Volume Right 6 25 0 6
cSH 474 485 1171 1411
Volume to Capacity 0.04 0.09 0.02 0.00
Queue Length 95th (ft) 3 7 2 0
Control Delay (s) 12.9 13.2 1.2 0.2
Lane LOS B B A A
Approach Delay (s) 12.9 13.2 1.2 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 34.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
13: 183rd Street & US 56  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 170 20 0 320 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 215 25 0 405 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 639 646 405 636 633 228 405 241
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 639 646 405 636 633 228 405 241
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 100 97 97 100 100 100
cM capacity (veh/h) 382 393 650 389 400 816 1165 1338

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 241 405
Volume Left 6 13 0 0
Volume Right 0 0 25 0
cSH 387 394 1165 1338
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 3 5 0 0
Control Delay (s) 14.6 14.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.6 14.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
16: Four Corners Road & US 56  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 180 5 5 330 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 237 7 7 434 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 711 701 240 711 704 434 434 243
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 711 701 240 711 704 434 434 243
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 339 362 804 340 360 626 1136 1335

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 250 441
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 431 457 1136 1335
Volume to Capacity 0.05 0.03 0.01 0.00
Queue Length 95th (ft) 4 2 0 0
Control Delay (s) 13.7 13.1 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 13.7 13.1 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
17: 191st Street & US 56  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 180 0 0 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 234 0 0 429 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 669 666 432 666 669 234 435 234
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 669 666 432 666 669 234 435 234
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 98 100 100 100
cM capacity (veh/h) 369 383 628 376 381 810 1135 1346

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 234 435
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 379 1135 1346
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 3 0 0
Control Delay (s) 0.0 14.8 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 14.8 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 27.7% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
24: Sunflower Road & US 56  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 40 5 0 10 190 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 51 6 0 13 241 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 778 801 484 791 778 266 487 291
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 778 801 484 791 778 266 487 291
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 82 98 100 99 100
cM capacity (veh/h) 308 316 587 287 326 778 1086 1282

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 57 304 487
Volume Left 0 51 13 0
Volume Right 13 0 51 6
cSH 457 291 1086 1282
Volume to Capacity 0.04 0.20 0.01 0.00
Queue Length 95th (ft) 3 18 1 0
Control Delay (s) 13.2 20.4 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 20.4 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
25: US 56 & 4th Street  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 20 60 360 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 256 26 77 462 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 282 885 269
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 282 885 269
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 70 93
cM capacity (veh/h) 1292 298 774

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 282 538 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1292 384
Volume to Capacity 0.17 0.06 0.37
Queue Length 95th (ft) 0 5 41
Control Delay (s) 0.0 1.7 19.7
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.7
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 50.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
28: I-35 SB Ramps & Sunflower Road  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 70 0 460 10 30 0 0 240 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 80 0 529 11 34 0 0 276 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 879 351 293 351 368 34 310 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 879 351 293 351 368 34 310 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.4 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.5 2.3 2.2
p0 queue free % 100 100 100 87 100 46 99 100
cM capacity (veh/h) 124 572 751 602 559 982 1206 1590

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 609 46 310
Volume Left 80 11 0
Volume Right 529 0 34
cSH 906 1206 1700
Volume to Capacity 0.67 0.01 0.18
Queue Length 95th (ft) 134 1 0
Control Delay (s) 16.7 2.1 0.0
Lane LOS C A
Approach Delay (s) 16.7 2.1 0.0
Approach LOS C

Intersection Summary
Average Delay 10.6
Intersection Capacity Utilization 53.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
29: I-35 NB Ramps & Sunflower Road  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 0 5 0 0 0 0 10 20 230 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 23 0 6 0 0 0 0 11 23 264 92 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 644 655 92 649 644 23 92 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 644 655 92 649 644 23 92 34
tC, single (s) 7.3 6.5 6.2 7.1 6.5 6.2 4.1 4.5
tC, 2 stage (s)
tF (s) 3.7 4.0 3.3 3.5 4.0 3.3 2.2 2.5
p0 queue free % 93 100 99 100 100 100 100 81
cM capacity (veh/h) 309 314 971 327 318 1060 1515 1378

Direction, Lane # EB 1 NB 1 SB 1
Volume Total 29 34 356
Volume Left 23 0 264
Volume Right 6 23 0
cSH 357 1700 1378
Volume to Capacity 0.08 0.02 0.19
Queue Length 95th (ft) 7 0 18
Control Delay (s) 16.0 0.0 6.5
Lane LOS C A
Approach Delay (s) 16.0 0.0 6.5
Approach LOS C

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 33.6% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
31: US 56 & Edgerton Rd  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 130 20 50 260 10 30 10 20 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 141 22 54 283 11 33 11 22 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 163 571 565 152 587 571 288
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 163 571 565 152 587 571 288
tC, single (s) 4.1 4.2 7.2 6.6 6.4 7.2 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.1 3.5 3.5 4.1 3.3
p0 queue free % 100 96 92 97 97 94 97 99
cM capacity (veh/h) 1280 1346 399 404 837 384 401 756

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 168 348 65 38
Volume Left 5 54 33 22
Volume Right 22 11 22 5
cSH 1280 1346 484 419
Volume to Capacity 0.00 0.04 0.13 0.09
Queue Length 95th (ft) 0 3 12 7
Control Delay (s) 0.3 1.5 13.6 14.5
Lane LOS A A B B
Approach Delay (s) 0.3 1.5 13.6 14.5
Approach LOS B B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
32: 207th & Sunflower Road  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 140 5 5 5 220 170 5 5 180 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 177 6 6 6 278 215 6 6 228 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1028 1022 231 1196 1022 218 234 222
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1028 1022 231 1196 1022 218 234 222
tC, single (s) 7.1 6.5 6.8 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.9 3.5 4.0 3.3 2.7 2.2
p0 queue free % 96 100 74 94 96 99 75 100
cM capacity (veh/h) 166 177 680 97 177 826 1096 1359

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 184 19 500 241
Volume Left 6 6 278 6
Volume Right 177 6 6 6
cSH 614 175 1096 1359
Volume to Capacity 0.30 0.11 0.25 0.00
Queue Length 95th (ft) 31 9 25 0
Control Delay (s) 13.3 28.1 6.4 0.2
Lane LOS B D A A
Approach Delay (s) 13.3 28.1 6.4 0.2
Approach LOS B D

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 50.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
33: 207th & COOP Rd  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 130 180 40 20 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 176 243 54 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 297 473 270
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 297 473 270
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 95 98
cM capacity (veh/h) 1276 539 773

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 189 297 41
Volume Left 14 0 27
Volume Right 0 54 14
cSH 1276 1700 599
Volume to Capacity 0.01 0.17 0.07
Queue Length 95th (ft) 1 0 5
Control Delay (s) 0.6 0.0 11.4
Lane LOS A B
Approach Delay (s) 0.6 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 25.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
34: 207th & Edgerton Rd  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 100 0 5 120 60 5 5 5 30 5 20
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 152 0 8 182 91 8 8 8 45 8 30

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 167 280 23 83
Volume Left (vph) 15 8 8 45
Volume Right (vph) 0 91 8 30
Hadj (s) 1.44 0.81 -0.13 0.17
Departure Headway (s) 6.0 5.3 5.2 5.4
Degree Utilization, x 0.28 0.41 0.03 0.12
Capacity (veh/h) 574 664 626 613
Control Delay (s) 11.3 11.9 8.3 9.1
Approach Delay (s) 11.3 11.9 8.3 9.1
Approach LOS B B A A

Intersection Summary
Delay 11.1
HCM Level of Service B
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
35: 207th & Evening Star Rd  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 120 10 5 100
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 240 20 10 200
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 525 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 525 25
tC, single (s) 5.1 6.4 7.1
tC, 2 stage (s)
tF (s) 3.1 3.5 4.1
p0 queue free % 79 98 76
cM capacity (veh/h) 1134 407 842

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 260 210
Volume Left 0 240 10
Volume Right 10 0 200
cSH 1700 1134 801
Volume to Capacity 0.02 0.21 0.26
Queue Length 95th (ft) 0 20 26
Control Delay (s) 0.0 8.5 11.1
Lane LOS A B
Approach Delay (s) 0.0 8.5 11.1
Approach LOS B

Intersection Summary
Average Delay 9.1
Intersection Capacity Utilization 27.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action
36: 215th & Evening Star Rd  PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 100 120 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 200 240 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 210 120 110
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 210 120 110
tC, single (s) 4.1 7.4 6.2
tC, 2 stage (s)
tF (s) 2.2 4.4 3.3
p0 queue free % 100 65 99
cM capacity (veh/h) 1367 690 949

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 210 250
Volume Left 0 0 240
Volume Right 0 200 10
cSH 1367 1700 698
Volume to Capacity 0.00 0.12 0.36
Queue Length 95th (ft) 0 0 41
Control Delay (s) 0.0 0.0 13.0
Lane LOS B
Approach Delay (s) 0.0 0.0 13.0
Approach LOS B

Intersection Summary
Average Delay 6.9
Intersection Capacity Utilization 20.1% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 100 5 5 320 90 10 20 5 40 20 20
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
Hourly flow rate (vph) 24 120 6 6 386 108 12 24 6 48 24 24
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 494 127 660 678 123 642 627 440
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 494 127 660 678 123 642 627 440
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 98 100 96 93 99 86 94 96
cM capacity (veh/h) 1080 1472 341 367 933 357 392 622

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 151 500 42 96
Volume Left 24 6 12 48
Volume Right 6 108 6 24
cSH 1080 1472 392 410
Volume to Capacity 0.02 0.00 0.11 0.24
Queue Length 95th (ft) 2 0 9 23
Control Delay (s) 1.5 0.1 15.3 16.5
Lane LOS A A C C
Approach Delay (s) 1.5 0.1 15.3 16.5
Approach LOS C C

Intersection Summary
Average Delay 3.2
Intersection Capacity Utilization 37.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 30 310 60 250 720 250 70 170 160 160 170 50
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Lane Util. Factor 0.95 0.95 1.00 1.00 1.00 1.00
Frt 0.98 0.97 1.00 0.93 1.00 0.97
Flt Protected 1.00 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3294 3390 1787 1694 1736 1765
Flt Permitted 0.77 0.74 0.51 1.00 0.32 1.00
Satd. Flow (perm) 2534 2533 954 1694 593 1765
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 34 356 69 287 828 287 80 195 184 184 195 57
RTOR Reduction (vph) 0 16 0 0 25 0 0 38 0 0 12 0
Lane Group Flow (vph) 0 443 0 0 1377 0 80 342 0 184 240 0
Heavy Vehicles (%) 3% 8% 2% 1% 3% 1% 1% 4% 4% 4% 4% 4%
Turn Type Perm Perm Perm Perm
Protected Phases 2 6 8 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 50.8 50.8 27.5 27.5 27.5 27.5
Effective Green, g (s) 50.8 50.8 27.5 27.5 27.5 27.5
Actuated g/C Ratio 0.56 0.56 0.31 0.31 0.31 0.31
Clearance Time (s) 5.9 5.9 5.8 5.8 5.8 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1430 1430 292 518 181 539
v/s Ratio Prot 0.20 0.14
v/s Ratio Perm 0.17 c0.54 0.08 c0.31
v/c Ratio 0.31 0.96 0.27 0.66 1.02 0.45
Uniform Delay, d1 10.3 18.7 23.7 27.2 31.2 25.1
Progression Factor 1.00 0.67 1.17 1.16 1.00 1.00
Incremental Delay, d2 0.6 15.3 0.5 3.0 71.3 0.6
Delay (s) 10.9 27.7 28.3 34.5 102.5 25.7
Level of Service B C C C F C
Approach Delay (s) 10.9 27.7 33.4 58.1
Approach LOS B C C E

Intersection Summary
HCM Average Control Delay 30.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.98
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.7
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1510 240 120 530 0 0 0 0 140 0 1380
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.98 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3462 1687 3725 1787 2787
Flt Permitted 1.00 0.95 1.00 0.95 1.00
Satd. Flow (perm) 3462 1687 3725 1787 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1589 253 126 558 0 0 0 0 147 0 1453
RTOR Reduction (vph) 0 13 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 1829 0 126 558 0 0 0 0 147 0 1453
Heavy Vehicles (%) 0% 2% 3% 7% 2% 0% 0% 0% 0% 1% 0% 2%
Turn Type Prot Prot custom
Protected Phases 2 1 6 7 5
Permitted Phases 4
Actuated Green, G (s) 61.1 12.6 23.3 11.3 50.4
Effective Green, g (s) 61.1 12.6 23.3 11.3 50.4
Actuated g/C Ratio 0.61 0.13 0.23 0.11 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2115 213 868 202 1405
v/s Ratio Prot c0.53 0.07 c0.15 c0.08 c0.52
v/s Ratio Perm
v/c Ratio 0.86 0.59 0.64 0.73 1.03
Uniform Delay, d1 16.0 41.3 34.6 42.9 24.8
Progression Factor 0.69 0.89 0.88 1.00 1.00
Incremental Delay, d2 3.6 3.9 3.3 12.3 33.3
Delay (s) 14.7 40.7 33.9 55.2 58.1
Level of Service B D C E E
Approach Delay (s) 14.7 35.1 0.0 57.8
Approach LOS B D A E

Intersection Summary
HCM Average Control Delay 34.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.86
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 530 0 0 560 20 90 0 40 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 1.00
Frt 1.00 1.00 0.96
Flt Protected 1.00 1.00 0.97
Satd. Flow (prot) 3762 1832 1576
Flt Permitted 1.00 1.00 0.97
Satd. Flow (perm) 3762 1832 1576
Peak-hour factor, PHF 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Adj. Flow (vph) 0 602 0 0 636 23 102 0 45 0 0 0
RTOR Reduction (vph) 0 0 0 0 1 0 0 18 0 0 0 0
Lane Group Flow (vph) 0 602 0 0 658 0 0 129 0 0 0 0
Heavy Vehicles (%) 0% 1% 0% 0% 3% 10% 8% 0% 20% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8
Actuated Green, G (s) 76.6 76.6 13.4
Effective Green, g (s) 76.6 76.6 13.4
Actuated g/C Ratio 0.77 0.77 0.13
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 2882 1403 211
v/s Ratio Prot 0.16 c0.36
v/s Ratio Perm 0.08
v/c Ratio 0.21 0.47 0.61
Uniform Delay, d1 3.3 4.3 40.8
Progression Factor 0.72 1.00 1.00
Incremental Delay, d2 0.1 1.1 5.1
Delay (s) 2.5 5.4 46.0
Level of Service A A D
Approach Delay (s) 2.5 5.4 46.0 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 8.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 100.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - (Mitigated) - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 10 5 10 5 20 20 140 0 5 310 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 13 6 13 6 25 25 177 0 6 392 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 665 639 177 649 636 396 399 177
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 665 639 177 649 636 396 399 177
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 97 99 96 98 96 98 100
cM capacity (veh/h) 350 386 871 353 388 647 1171 1411

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 19 44 203 405
Volume Left 0 13 25 6
Volume Right 6 25 0 6
cSH 474 485 1171 1411
Volume to Capacity 0.04 0.09 0.02 0.00
Queue Length 95th (ft) 3 7 2 0
Control Delay (s) 12.9 13.2 1.2 0.2
Lane LOS B B A A
Approach Delay (s) 12.9 13.2 1.2 0.2
Approach LOS B B

Intersection Summary
Average Delay 1.7
Intersection Capacity Utilization 34.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 0 10 10 0 0 170 20 0 320 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 6 0 13 13 0 0 215 25 0 405 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 639 646 405 636 633 228 405 241
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 639 646 405 636 633 228 405 241
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 100 97 97 100 100 100
cM capacity (veh/h) 382 393 650 389 400 816 1165 1338

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 13 25 241 405
Volume Left 6 13 0 0
Volume Right 0 0 25 0
cSH 387 394 1165 1338
Volume to Capacity 0.03 0.06 0.00 0.00
Queue Length 95th (ft) 3 5 0 0
Control Delay (s) 14.6 14.8 0.0 0.0
Lane LOS B B
Approach Delay (s) 14.6 14.8 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 26.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 5 5 0 5 5 5 180 5 5 330 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Hourly flow rate (vph) 7 7 7 0 7 7 7 237 7 7 434 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 711 701 240 711 704 434 434 243
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 711 701 240 711 704 434 434 243
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 98 99 100 98 99 99 100
cM capacity (veh/h) 339 362 804 340 360 626 1136 1335

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 20 13 250 441
Volume Left 7 0 7 7
Volume Right 7 7 7 0
cSH 431 457 1136 1335
Volume to Capacity 0.05 0.03 0.01 0.00
Queue Length 95th (ft) 4 2 0 0
Control Delay (s) 13.7 13.1 0.3 0.2
Lane LOS B B A A
Approach Delay (s) 13.7 13.1 0.3 0.2
Approach LOS B B

Intersection Summary
Average Delay 0.8
Intersection Capacity Utilization 31.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 0 0 5 5 0 0 180 0 0 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77
Hourly flow rate (vph) 0 0 0 6 6 0 0 234 0 0 429 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 669 666 432 666 669 234 435 234
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 669 666 432 666 669 234 435 234
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 100 98 98 100 100 100
cM capacity (veh/h) 369 383 628 376 381 810 1135 1346

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 0 13 234 435
Volume Left 0 6 0 0
Volume Right 0 0 0 6
cSH 1700 379 1135 1346
Volume to Capacity 0.00 0.03 0.00 0.00
Queue Length 95th (ft) 0 3 0 0
Control Delay (s) 0.0 14.8 0.0 0.0
Lane LOS A B
Approach Delay (s) 0.0 14.8 0.0 0.0
Approach LOS A B

Intersection Summary
Average Delay 0.3
Intersection Capacity Utilization 27.7% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 0 5 10 40 5 0 10 190 40 0 380 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 6 13 51 6 0 13 241 51 0 481 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 778 801 484 791 778 266 487 291
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 778 801 484 791 778 266 487 291
tC, single (s) 7.1 6.5 6.2 7.2 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.6 4.0 3.3 2.2 2.2
p0 queue free % 100 98 98 82 98 100 99 100
cM capacity (veh/h) 308 316 587 287 326 778 1086 1282

Direction, Lane # SE 1 NW 1 NE 1 SW 1
Volume Total 19 57 304 487
Volume Left 0 51 13 0
Volume Right 13 0 51 6
cSH 457 291 1086 1282
Volume to Capacity 0.04 0.20 0.01 0.00
Queue Length 95th (ft) 3 18 1 0
Control Delay (s) 13.2 20.4 0.5 0.0
Lane LOS B C A
Approach Delay (s) 13.2 20.4 0.5 0.0
Approach LOS B C

Intersection Summary
Average Delay 1.8
Intersection Capacity Utilization 36.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 20 60 360 70 40
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.78 0.78 0.78 0.78 0.78 0.78
Hourly flow rate (vph) 256 26 77 462 90 51
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 282 885 269
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 282 885 269
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 94 70 93
cM capacity (veh/h) 1292 298 774

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 282 538 141
Volume Left 0 77 90
Volume Right 26 0 51
cSH 1700 1292 384
Volume to Capacity 0.17 0.06 0.37
Queue Length 95th (ft) 0 5 41
Control Delay (s) 0.0 1.7 19.7
Lane LOS A C
Approach Delay (s) 0.0 1.7 19.7
Approach LOS C

Intersection Summary
Average Delay 3.8
Intersection Capacity Utilization 50.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 0 70 0 460 10 30 0 0 240 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Hourly flow rate (vph) 0 0 0 80 0 529 11 34 0 0 276 34
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 811
pX, platoon unblocked
vC, conflicting volume 879 351 293 351 368 34 310 34
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 879 351 293 351 368 34 310 34
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.4 4.2 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.5 2.3 2.2
p0 queue free % 100 100 100 87 100 46 99 100
cM capacity (veh/h) 124 572 751 602 559 982 1206 1590

Direction, Lane # WB 1 NB 1 SB 1
Volume Total 609 46 310
Volume Left 80 11 0
Volume Right 529 0 34
cSH 906 1206 1700
Volume to Capacity 0.67 0.01 0.18
Queue Length 95th (ft) 134 1 0
Control Delay (s) 16.7 2.1 0.0
Lane LOS C A
Approach Delay (s) 16.7 2.1 0.0
Approach LOS C

Intersection Summary
Average Delay 10.6
Intersection Capacity Utilization 53.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 0 5 0 0 0 0 10 20 230 80 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 0.91 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1533 1619 1435
Flt Permitted 0.96 1.00 0.76
Satd. Flow (perm) 1533 1619 1135
Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Adj. Flow (vph) 23 0 6 0 0 0 0 11 23 264 92 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 6 0 0 0 0
Lane Group Flow (vph) 0 23 0 0 0 0 0 28 0 0 356 0
Heavy Vehicles (%) 20% 0% 0% 0% 0% 0% 0% 10% 5% 37% 1% 0%
Turn Type Perm Perm
Protected Phases 4 2 6
Permitted Phases 4 6
Actuated Green, G (s) 1.1 28.8 28.8
Effective Green, g (s) 1.1 28.8 28.8
Actuated g/C Ratio 0.03 0.72 0.72
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 42 1169 819
v/s Ratio Prot 0.02
v/s Ratio Perm 0.02 c0.31
v/c Ratio 0.55 0.02 0.43
Uniform Delay, d1 19.2 1.6 2.2
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 14.7 0.0 0.4
Delay (s) 33.9 1.6 2.6
Level of Service C A A
Approach Delay (s) 33.9 0.0 1.6 2.6
Approach LOS C A A A

Intersection Summary
HCM Average Control Delay 4.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 39.9 Sum of lost time (s) 10.0
Intersection Capacity Utilization 35.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2015 Wellsville North Alternative - (Mitigated) - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 130 20 50 260 10 30 10 20 20 10 5
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 5 141 22 54 283 11 33 11 22 22 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 293 163 571 565 152 587 571 288
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 293 163 571 565 152 587 571 288
tC, single (s) 4.1 4.2 7.2 6.6 6.4 7.2 6.6 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.1 3.5 3.5 4.1 3.3
p0 queue free % 100 96 92 97 97 94 97 99
cM capacity (veh/h) 1280 1346 399 404 837 384 401 756

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 168 348 65 38
Volume Left 5 54 33 22
Volume Right 22 11 22 5
cSH 1280 1346 484 419
Volume to Capacity 0.00 0.04 0.13 0.09
Queue Length 95th (ft) 0 3 12 7
Control Delay (s) 0.3 1.5 13.6 14.5
Lane LOS A A B B
Approach Delay (s) 0.3 1.5 13.6 14.5
Approach LOS B B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 39.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 140 5 5 5 220 170 5 5 180 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 177 6 6 6 278 215 6 6 228 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1028 1022 231 1196 1022 218 234 222
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1028 1022 231 1196 1022 218 234 222
tC, single (s) 7.1 6.5 6.8 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.9 3.5 4.0 3.3 2.7 2.2
p0 queue free % 96 100 74 94 96 99 75 100
cM capacity (veh/h) 166 177 680 97 177 826 1096 1359

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 184 19 500 241
Volume Left 6 6 278 6
Volume Right 177 6 6 6
cSH 614 175 1096 1359
Volume to Capacity 0.30 0.11 0.25 0.00
Queue Length 95th (ft) 31 9 25 0
Control Delay (s) 13.3 28.1 6.4 0.2
Lane LOS B D A A
Approach Delay (s) 13.3 28.1 6.4 0.2
Approach LOS B D

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 50.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 130 180 40 20 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 176 243 54 27 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 297 473 270
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 297 473 270
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 95 98
cM capacity (veh/h) 1276 539 773

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 189 297 41
Volume Left 14 0 27
Volume Right 0 54 14
cSH 1276 1700 599
Volume to Capacity 0.01 0.17 0.07
Queue Length 95th (ft) 1 0 5
Control Delay (s) 0.6 0.0 11.4
Lane LOS A B
Approach Delay (s) 0.6 0.0 11.4
Approach LOS B

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 25.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 100 0 5 120 60 5 5 5 30 5 20
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 152 0 8 182 91 8 8 8 45 8 30

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 167 280 23 83
Volume Left (vph) 15 8 8 45
Volume Right (vph) 0 91 8 30
Hadj (s) 1.44 0.81 -0.13 0.17
Departure Headway (s) 6.0 5.3 5.2 5.4
Degree Utilization, x 0.28 0.41 0.03 0.12
Capacity (veh/h) 574 664 626 613
Control Delay (s) 11.3 11.9 8.3 9.1
Approach Delay (s) 11.3 11.9 8.3 9.1
Approach LOS B B A A

Intersection Summary
Delay 11.1
HCM Level of Service B
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - PM Peak Hour



BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 5 120 10 5 100
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 10 240 20 10 200
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 30 525 25
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 30 525 25
tC, single (s) 5.1 6.4 7.1
tC, 2 stage (s)
tF (s) 3.1 3.5 4.1
p0 queue free % 79 98 76
cM capacity (veh/h) 1134 407 842

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 30 260 210
Volume Left 0 240 10
Volume Right 10 0 200
cSH 1700 1134 801
Volume to Capacity 0.02 0.21 0.26
Queue Length 95th (ft) 0 20 26
Control Delay (s) 0.0 8.5 11.1
Lane LOS A B
Approach Delay (s) 0.0 8.5 11.1
Approach LOS B

Intersection Summary
Average Delay 9.1
Intersection Capacity Utilization 27.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2015 Wellsville Alternative Action - (Mitigated)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 100 120 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 200 240 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 210 120 110
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 210 120 110
tC, single (s) 4.1 7.4 6.2
tC, 2 stage (s)
tF (s) 2.2 4.4 3.3
p0 queue free % 100 65 99
cM capacity (veh/h) 1367 690 949

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 210 250
Volume Left 0 0 240
Volume Right 0 200 10
cSH 1367 1700 698
Volume to Capacity 0.00 0.12 0.36
Queue Length 95th (ft) 0 0 41
Control Delay (s) 0.0 0.0 13.0
Lane LOS B
Approach Delay (s) 0.0 0.0 13.0
Approach LOS B

Intersection Summary
Average Delay 6.9
Intersection Capacity Utilization 20.1% ICU Level of Service A
Analysis Period (min) 15

2015 Wellsville North Alternative - (Mitigated) - PM Peak Hour



BNSF NEPA Traffic Study 2030 Wellsville No-Action
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 10 10 10 310 230 10 20 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3486 1805 3324
Flt Permitted 0.74 1.00 0.29 1.00 0.62 1.00 0.60 1.00
Satd. Flow (perm) 1357 1678 551 1850 1154 3486 1131 3324
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 11 11 11 326 242 11 21 158 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 2 0 0 20 0
Lane Group Flow (vph) 74 113 0 11 13 0 326 251 0 21 191 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 908 2293 700 1939
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.02 c0.23 0.02
v/c Ratio 0.36 0.44 0.13 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.9 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.47 0.39 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.7 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 33.6 32.5 2.3 2.3 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.9 2.3 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 780 60 180 430 220 80 1040 310 370 850 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3619 1583 1687 3551 1538 1752 3689 1553 3367 3444
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 793 3619 1583 283 3551 1538 1752 3689 1553 3367 3444
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 821 63 189 453 232 84 1095 326 389 895 126
RTOR Reduction (vph) 0 0 42 0 0 167 0 0 120 0 12 0
Lane Group Flow (vph) 137 821 21 189 453 65 84 1095 206 389 1009 0
Heavy Vehicles (%) 2% 5% 2% 7% 7% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Effective Green, g (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.39
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 977 427 216 990 429 121 1217 512 449 1358
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.29
v/s Ratio Perm 0.11 0.01 c0.24 0.04 0.13
v/c Ratio 0.40 0.84 0.05 0.88 0.46 0.15 0.69 0.90 0.40 0.87 0.74
Uniform Delay, d1 21.2 31.0 24.3 22.6 26.8 24.4 41.0 28.7 23.3 38.2 23.3
Progression Factor 0.47 0.57 0.32 1.32 1.06 2.57 0.73 0.59 0.25 1.00 1.00
Incremental Delay, d2 0.7 8.1 0.2 28.9 1.4 0.7 10.6 6.2 0.3 15.9 2.2
Delay (s) 10.7 25.8 7.9 58.7 29.9 63.6 40.5 23.2 6.1 54.2 25.6
Level of Service B C A E C E D C A D C
Approach Delay (s) 22.6 45.1 20.5 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 84.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 90 320 1440 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.08 1.00 0.95 1.00
Satd. Flow (perm) 3509 142 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 95 337 1516 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3009 0 337 1516 0 0 0 0 221 0 1474
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 80.0 64.0 51.0 12.0 54.0
Effective Green, g (s) 80.0 64.0 51.0 12.0 54.0
Actuated g/C Ratio 0.67 0.53 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2339 247 1583 174 1357
v/s Ratio Prot c0.86 0.15 0.41 0.13 c0.38
v/s Ratio Perm c0.58 0.15
v/c Ratio 1.29 1.36 0.96 1.27 1.09
Uniform Delay, d1 20.0 50.2 33.5 54.0 33.0
Progression Factor 1.11 1.08 1.20 1.00 1.00
Incremental Delay, d2 129.9 180.7 10.4 158.8 51.4
Delay (s) 152.0 234.9 50.7 212.8 84.4
Level of Service F F D F F
Approach Delay (s) 152.0 84.2 0.0 101.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 119.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.32
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1600 550 170 0 720 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1684 579 179 0 758 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 108 0 21 21 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1684 471 179 358 358 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.2 74.2 74.2 35.8 35.8 35.8
Effective Green, g (s) 74.2 74.2 74.2 35.8 35.8 35.8
Actuated g/C Ratio 0.62 0.62 0.62 0.30 0.30 0.30
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2303 2188 979 503 445 445
v/s Ratio Prot 0.37 c0.48 c0.24
v/s Ratio Perm 0.30 0.11 0.24
v/c Ratio 0.59 0.77 0.48 0.36 0.80 0.80
Uniform Delay, d1 13.8 16.7 12.4 33.0 38.9 38.9
Progression Factor 0.71 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.7 0.4 0.4 10.1 10.1
Delay (s) 10.0 18.4 12.8 33.5 49.0 49.0
Level of Service A B B C D D
Approach Delay (s) 10.0 16.9 46.0 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 50 80 190 0 10 90 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 53 84 200 0 11 95 379
RTOR Reduction (vph) 0 0 10 0 33 0 0 0 0 0 0 242
Lane Group Flow (vph) 0 116 1 589 136 0 84 200 0 11 95 137
Heavy Vehicles (%) 0% 2% 0% 3% 2% 8% 4% 6% 0% 0% 18% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.09 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1251 164 1495 30 1105 566
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.06 0.01 0.03
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.51 0.13 0.37 0.09 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.8 15.1 43.8 19.0 20.1
Progression Factor 1.01 1.03 0.94 0.84 0.85 0.77 1.32 0.56 0.99
Incremental Delay, d2 0.7 0.0 3.7 0.0 2.6 0.2 6.5 0.1 0.9
Delay (s) 39.6 38.2 34.1 15.3 35.4 11.7 64.3 10.8 20.8
Level of Service D D C B D B E B C
Approach Delay (s) 39.4 29.9 18.7 19.8
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 42.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 5 0 250 20 5 110 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 5 0 263 21 5 116 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 432 426 132 432 432 274 147 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 432 426 132 432 432 274 147 284
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 96 99 96 96 99 100 100
cM capacity (veh/h) 516 521 923 517 518 770 1447 1290

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 47 284 153
Volume Left 21 21 0 5
Volume Right 5 5 21 32
cSH 545 537 1447 1290
Volume to Capacity 0.09 0.09 0.00 0.00
Queue Length 95th (ft) 7 7 0 0
Control Delay (s) 12.2 12.4 0.0 0.3
Lane LOS B B A
Approach Delay (s) 12.2 12.4 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 190 0 60 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 200 0 63 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 600 474 200 605 474 84 84 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 600 474 200 605 474 84 84 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 75 91 100 68 95 98 95
cM capacity (veh/h) 281 457 843 288 457 975 1506 1372

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 232 147
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 542 531 1506 1372
Volume to Capacity 0.36 0.38 0.02 0.05
Queue Length 95th (ft) 41 43 2 4
Control Delay (s) 15.3 15.8 1.2 3.5
Lane LOS C C A A
Approach Delay (s) 15.3 15.8 1.2 3.5
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 39.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 200 10 0 70 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 211 11 0 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 326 105 332 353 216 137 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 326 105 332 353 216 137 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 98 99 99 98 99 100 100
cM capacity (veh/h) 613 595 955 614 575 829 1460 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 221 137
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 640 634 1460 1360
Volume to Capacity 0.06 0.03 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.0 10.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.0 10.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 21.8% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 270 30 5 5 200 360 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 0.99 0.96 1.00 0.99
Satd. Flow (prot) 1844 1779 1669 1635
Flt Permitted 0.95 0.73 1.00 0.92
Satd. Flow (perm) 1762 1353 1667 1523
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 284 32 5 5 211 379 11 63 0
RTOR Reduction (vph) 0 4 0 0 1 0 0 59 0 0 0 0
Lane Group Flow (vph) 0 27 0 0 320 0 0 536 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 2% 3% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.0 26.0 54.0 54.0
Effective Green, g (s) 26.0 26.0 54.0 54.0
Actuated g/C Ratio 0.29 0.29 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 509 391 1000 914
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.24 c0.32 0.05
v/c Ratio 0.05 0.82 0.54 0.08
Uniform Delay, d1 23.1 29.8 10.6 7.6
Progression Factor 1.00 0.69 0.99 1.18
Incremental Delay, d2 0.0 11.6 1.8 0.2
Delay (s) 23.2 32.0 12.3 9.1
Level of Service C C B A
Approach Delay (s) 23.2 32.0 12.3 9.1
Approach LOS C C B A

Intersection Summary
HCM Average Control Delay 18.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 250 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1779 1672
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1379 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 263 116 84
RTOR Reduction (vph) 9 0 0 0 32 0
Lane Group Flow (vph) 633 0 0 347 168 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1302 1010 262
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.25
v/c Ratio 0.49 0.34 0.64
Uniform Delay, d1 5.0 4.3 35.6
Progression Factor 1.00 0.35 1.00
Incremental Delay, d2 1.3 0.8 5.3
Delay (s) 6.3 2.3 40.9
Level of Service A A D
Approach Delay (s) 6.3 2.3 40.9
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 20 0 150 10 180 0 0 580 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.88 1.00 0.98
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1603 1777 1830
Flt Permitted 0.99 0.97 1.00
Satd. Flow (perm) 1603 1721 1830
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 21 0 158 11 189 0 0 611 84
RTOR Reduction (vph) 0 0 0 0 144 0 0 0 0 0 3 0
Lane Group Flow (vph) 0 0 0 0 35 0 0 200 0 0 692 0
Heavy Vehicles (%) 0% 0% 0% 10% 0% 3% 0% 7% 0% 0% 2% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 8.1 71.9 71.9
Effective Green, g (s) 8.1 71.9 71.9
Actuated g/C Ratio 0.09 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 144 1375 1462
v/s Ratio Prot c0.02 c0.38
v/s Ratio Perm 0.12
v/c Ratio 0.24 0.15 0.47
Uniform Delay, d1 38.1 2.1 2.9
Progression Factor 1.00 0.73 1.00
Incremental Delay, d2 0.9 0.2 1.1
Delay (s) 39.0 1.7 4.0
Level of Service D A A
Approach Delay (s) 0.0 39.0 1.7 4.0
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 9.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 0 10 0 0 0 0 40 110 570 40 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.90 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1704 1652 1773
Flt Permitted 0.96 1.00 0.63
Satd. Flow (perm) 1704 1652 1171
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 0 11 0 0 0 0 42 116 600 42 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 30 0 0 0 0
Lane Group Flow (vph) 0 166 0 0 0 0 0 128 0 0 642 0
Heavy Vehicles (%) 6% 0% 0% 0% 0% 0% 0% 8% 2% 2% 8% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 13.3 66.7 66.7
Effective Green, g (s) 13.3 66.7 66.7
Actuated g/C Ratio 0.15 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1224 868
v/s Ratio Prot 0.08
v/s Ratio Perm 0.10 c0.55
v/c Ratio 0.66 0.10 0.74
Uniform Delay, d1 36.2 3.3 6.7
Progression Factor 1.00 1.00 0.69
Incremental Delay, d2 6.4 0.2 5.1
Delay (s) 42.6 3.4 9.7
Level of Service D A A
Approach Delay (s) 42.6 0.0 3.4 9.7
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 14.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 420 30 40 170 80 30 90 80 40 50 0
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 5 457 33 43 185 87 32 95 87 43 53 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 272 489 825 842 473 933 815 228
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 272 489 825 842 473 933 815 228
tC, single (s) 4.1 4.2 7.2 6.7 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.3 3.6 4.2 3.3 3.5 4.0 3.3
p0 queue free % 100 96 87 64 85 70 82 100
cM capacity (veh/h) 1303 1034 236 265 589 146 297 816

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 495 315 213 96
Volume Left 5 43 32 43
Volume Right 33 87 87 0
cSH 1303 1034 334 202
Volume to Capacity 0.00 0.04 0.64 0.47
Queue Length 95th (ft) 0 3 104 58
Control Delay (s) 0.1 1.6 33.1 37.9
Lane LOS A A D E
Approach Delay (s) 0.1 1.6 33.1 37.9
Approach LOS D E

Intersection Summary
Average Delay 10.1
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 230 5 0 10 130 260 0 5 290 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 291 6 0 13 165 329 0 6 367 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1051 1038 367 1329 1038 329 367 329
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1051 1038 367 1329 1038 329 367 329
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 57 91 100 98 86 99
cM capacity (veh/h) 181 199 678 68 199 717 1180 1242

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 291 19 494 373
Volume Left 0 6 165 6
Volume Right 291 13 0 0
cSH 678 171 1180 1242
Volume to Capacity 0.43 0.11 0.14 0.01
Queue Length 95th (ft) 54 9 12 0
Control Delay (s) 14.2 28.7 3.8 0.2
Lane LOS B D A A
Approach Delay (s) 14.2 28.7 3.8 0.2
Approach LOS B D

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 20 160 120 10 60 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 27 216 162 14 81 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 176 439 169
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 176 439 169
tC, single (s) 4.1 6.4 6.3
tC, 2 stage (s)
tF (s) 2.2 3.5 3.4
p0 queue free % 98 86 98
cM capacity (veh/h) 1413 564 855

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 243 176 95
Volume Left 27 0 81
Volume Right 0 14 14
cSH 1413 1700 593
Volume to Capacity 0.02 0.10 0.16
Queue Length 95th (ft) 1 0 14
Control Delay (s) 1.0 0.0 12.2
Lane LOS A B
Approach Delay (s) 1.0 0.0 12.2
Approach LOS B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 0 5 120 0 10 0 160 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 0 8 182 0 15 0 242 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 189 15 258
Volume Left (vph) 15 0 0 242
Volume Right (vph) 0 182 0 8
Hadj (s) 0.10 -0.37 0.34 0.22
Departure Headway (s) 4.9 4.2 5.1 4.6
Degree Utilization, x 0.04 0.22 0.02 0.33
Capacity (veh/h) 677 794 664 740
Control Delay (s) 8.1 8.5 8.2 9.9
Approach Delay (s) 8.1 8.5 8.2 9.9
Approach LOS A A A A

Intersection Summary
Delay 9.2
HCM Level of Service A
Intersection Capacity Utilization 32.2% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 0 5 10 0 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 0 10 20 0 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 20 60 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 20 60 20
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 98
cM capacity (veh/h) 1609 946 1064

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 20 30 20
Volume Left 0 10 0
Volume Right 0 0 20
cSH 1700 1609 1064
Volume to Capacity 0.01 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 2.4 8.4
Lane LOS A A
Approach Delay (s) 0.0 2.4 8.4
Approach LOS A

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 730 0 670 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 793 0 728 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.98 0.00 0.98 0.98
vC, conflicting volume 793 0 1576 761
vC1, stage 1 conf vol 761
vC2, stage 2 conf vol 815
vCu, unblocked vol 781 0 1577 748
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 831 0 329 404

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 793 793 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 831 1700 1700 1700 345
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 16.9
Lane LOS A C
Approach Delay (s) 0.1 0.0 16.9
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 48.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 700 60 50 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1770 1863 1805 1583
Flt Permitted 1.00 0.29 1.00 0.95 1.00
Satd. Flow (perm) 1843 549 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 761 65 54 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 445
Lane Group Flow (vph) 0 824 0 54 304 0 0 0 0 11 0 55
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type Perm custom custom
Protected Phases 4 8
Permitted Phases 8 6 6
Actuated Green, G (s) 70.1 70.1 70.1 9.9 9.9
Effective Green, g (s) 70.1 70.1 70.1 9.9 9.9
Actuated g/C Ratio 0.78 0.78 0.78 0.11 0.11
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1435 428 1451 199 174
v/s Ratio Prot c0.45 0.16
v/s Ratio Perm 0.10 0.01 c0.03
v/c Ratio 0.57 0.13 0.21 0.06 0.32
Uniform Delay, d1 4.0 2.4 2.6 35.9 36.9
Progression Factor 0.94 0.78 0.79 1.00 1.00
Incremental Delay, d2 1.6 0.6 0.3 0.1 1.0
Delay (s) 5.4 2.5 2.4 36.0 38.0
Level of Service A A A D D
Approach Delay (s) 5.4 2.4 0.0 37.9
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 14.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 160 20 170 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1839 1770 1583
Flt Permitted 0.55 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1021 1863 1839 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 174 22 185 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 4 0 0 0 82 0 0 0
Lane Group Flow (vph) 630 141 0 0 192 0 185 0 16 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 65.7 65.7 39.9 14.3 14.3
Effective Green, g (s) 65.7 65.7 39.9 14.3 14.3
Actuated g/C Ratio 0.73 0.73 0.44 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 918 1360 815 281 252
v/s Ratio Prot c0.16 0.08 0.10
v/s Ratio Perm c0.34 c0.10 0.01
v/c Ratio 0.69 0.10 0.24 0.66 0.06
Uniform Delay, d1 5.5 3.5 15.6 35.6 32.2
Progression Factor 0.74 0.49 0.51 1.00 1.00
Incremental Delay, d2 1.8 0.1 0.1 5.5 0.1
Delay (s) 5.9 1.9 8.1 41.0 32.3
Level of Service A A A D C
Approach Delay (s) 5.1 8.1 38.0 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 13.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.67
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 10 5 160 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 11 5 174 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 228 408 223
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 228 408 223
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1352 601 822

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 228 179 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1352 660
Volume to Capacity 0.13 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 22.5% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 10 10 10 310 230 10 20 150 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3486 1805 3324
Flt Permitted 0.74 1.00 0.29 1.00 0.62 1.00 0.60 1.00
Satd. Flow (perm) 1357 1678 551 1850 1154 3486 1131 3324
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 11 11 11 326 242 11 21 158 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 2 0 0 20 0
Lane Group Flow (vph) 74 113 0 11 13 0 326 251 0 21 191 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 908 2293 700 1939
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.02 c0.23 0.02
v/c Ratio 0.36 0.44 0.13 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.9 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.47 0.39 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.7 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 33.6 32.5 2.3 2.3 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.9 2.3 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 69.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 780 60 180 430 220 80 1040 310 370 850 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3619 1583 1687 3551 1538 1752 3689 1553 3367 3444
Flt Permitted 0.43 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 793 3619 1583 283 3551 1538 1752 3689 1553 3367 3444
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 821 63 189 453 232 84 1095 326 389 895 126
RTOR Reduction (vph) 0 0 42 0 0 167 0 0 120 0 12 0
Lane Group Flow (vph) 137 821 21 189 453 65 84 1095 206 389 1009 0
Heavy Vehicles (%) 2% 5% 2% 7% 7% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Effective Green, g (s) 30.8 24.3 24.3 32.4 25.1 25.1 6.2 29.7 29.7 12.0 35.5
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.39
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 977 427 216 990 429 121 1217 512 449 1358
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.29
v/s Ratio Perm 0.11 0.01 c0.24 0.04 0.13
v/c Ratio 0.40 0.84 0.05 0.88 0.46 0.15 0.69 0.90 0.40 0.87 0.74
Uniform Delay, d1 21.2 31.0 24.3 22.6 26.8 24.4 41.0 28.7 23.3 38.2 23.3
Progression Factor 0.47 0.57 0.31 1.32 1.06 2.57 0.73 0.58 0.22 1.00 1.00
Incremental Delay, d2 0.7 8.1 0.2 28.9 1.4 0.7 10.6 6.2 0.3 15.9 2.2
Delay (s) 10.6 25.7 7.8 58.7 29.9 63.6 40.5 22.9 5.3 54.2 25.6
Level of Service B C A E C E D C A D C
Approach Delay (s) 22.6 45.1 20.1 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 84.7% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 90 320 1440 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3509 1719 3725 1736 2760
Flt Permitted 1.00 0.08 1.00 0.95 1.00
Satd. Flow (perm) 3509 142 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 95 337 1516 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3009 0 337 1516 0 0 0 0 221 0 1474
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 80.0 64.0 51.0 12.0 54.0
Effective Green, g (s) 80.0 64.0 51.0 12.0 54.0
Actuated g/C Ratio 0.67 0.53 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2339 247 1583 174 1357
v/s Ratio Prot c0.86 0.15 0.41 0.13 c0.38
v/s Ratio Perm c0.58 0.15
v/c Ratio 1.29 1.36 0.96 1.27 1.09
Uniform Delay, d1 20.0 50.2 33.5 54.0 33.0
Progression Factor 1.02 1.01 1.29 1.00 1.00
Incremental Delay, d2 129.9 180.3 10.2 158.8 51.4
Delay (s) 150.2 231.0 53.2 212.8 84.4
Level of Service F F D F F
Approach Delay (s) 150.2 85.6 0.0 101.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 119.3 HCM Level of Service F
HCM Volume to Capacity ratio 1.32
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 120.5% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1600 550 170 0 720 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1687 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1687 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1684 579 179 0 758 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 112 0 0 0 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1684 467 179 379 379 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 7% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 72.6 72.6 72.6 37.4 37.4 37.4
Effective Green, g (s) 72.6 72.6 72.6 37.4 37.4 37.4
Actuated g/C Ratio 0.60 0.60 0.60 0.31 0.31 0.31
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2254 2141 958 526 464 464
v/s Ratio Prot 0.37 c0.48 c0.25
v/s Ratio Perm 0.29 0.11 0.25
v/c Ratio 0.61 0.79 0.49 0.34 0.82 0.82
Uniform Delay, d1 14.8 17.9 13.3 31.8 38.1 38.1
Progression Factor 0.57 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 2.0 0.4 0.4 10.7 10.7
Delay (s) 8.6 19.8 13.7 32.2 48.8 48.8
Level of Service A B B C D D
Approach Delay (s) 8.6 18.3 45.6 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 21.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 50 80 190 0 10 90 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3312 1736 3406 1805 3059 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 53 84 200 0 11 95 379
RTOR Reduction (vph) 0 0 10 0 33 0 0 0 0 0 0 242
Lane Group Flow (vph) 0 116 1 589 136 0 84 200 0 11 95 137
Heavy Vehicles (%) 0% 2% 0% 3% 2% 8% 4% 6% 0% 0% 18% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.5 39.5 1.5 32.5 32.5
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.09 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1251 164 1495 30 1105 566
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.06 0.01 0.03
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.51 0.13 0.37 0.09 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.8 15.1 43.8 19.0 20.1
Progression Factor 1.01 1.03 0.94 0.84 0.90 0.74 1.32 0.56 0.99
Incremental Delay, d2 0.7 0.0 3.7 0.0 2.6 0.2 6.5 0.1 0.9
Delay (s) 39.6 38.2 34.1 15.3 37.4 11.4 64.3 10.8 20.8
Level of Service D D C B D B E B C
Approach Delay (s) 39.4 29.9 19.1 19.8
Approach LOS D C B B

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 42.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 20 20 5 0 250 20 5 110 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 21 21 5 0 263 21 5 116 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 432 426 132 432 432 274 147 284
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 432 426 132 432 432 274 147 284
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 96 99 96 96 99 100 100
cM capacity (veh/h) 516 521 923 517 518 770 1447 1290

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 47 284 153
Volume Left 21 21 0 5
Volume Right 5 5 21 32
cSH 545 537 1447 1290
Volume to Capacity 0.09 0.09 0.00 0.00
Queue Length 95th (ft) 7 7 0 0
Control Delay (s) 12.2 12.4 0.0 0.3
Lane LOS B B A
Approach Delay (s) 12.2 12.4 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 190 0 60 80 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 200 0 63 84 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 600 474 200 605 474 84 84 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 600 474 200 605 474 84 84 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 75 91 100 68 95 98 95
cM capacity (veh/h) 281 457 843 288 457 975 1506 1372

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 232 147
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 542 531 1506 1372
Volume to Capacity 0.36 0.38 0.02 0.05
Queue Length 95th (ft) 41 43 2 4
Control Delay (s) 15.3 15.8 1.2 3.5
Lane LOS C C A A
Approach Delay (s) 15.3 15.8 1.2 3.5
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 39.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 200 10 0 70 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 211 11 0 74 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 332 326 105 332 353 216 137 221
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 332 326 105 332 353 216 137 221
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 97 98 99 99 98 99 100 100
cM capacity (veh/h) 613 595 955 614 575 829 1460 1360

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 221 137
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 640 634 1460 1360
Volume to Capacity 0.06 0.03 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.0 10.9 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.0 10.9 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.5
Intersection Capacity Utilization 21.8% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville No-Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 270 30 5 5 200 360 10 60 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 0.99 0.96 1.00 0.99
Satd. Flow (prot) 1844 1779 1669 1635
Flt Permitted 0.95 0.73 1.00 0.92
Satd. Flow (perm) 1762 1353 1667 1523
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 284 32 5 5 211 379 11 63 0
RTOR Reduction (vph) 0 4 0 0 1 0 0 59 0 0 0 0
Lane Group Flow (vph) 0 27 0 0 320 0 0 536 0 0 74 0
Heavy Vehicles (%) 0% 0% 0% 2% 3% 0% 0% 6% 3% 0% 18% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.0 26.0 54.0 54.0
Effective Green, g (s) 26.0 26.0 54.0 54.0
Actuated g/C Ratio 0.29 0.29 0.60 0.60
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 509 391 1000 914
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.24 c0.32 0.05
v/c Ratio 0.05 0.82 0.54 0.08
Uniform Delay, d1 23.1 29.8 10.6 7.6
Progression Factor 1.00 0.99 0.64 1.18
Incremental Delay, d2 0.0 10.5 1.8 0.2
Delay (s) 23.2 40.1 8.6 9.1
Level of Service C D A A
Approach Delay (s) 23.2 40.1 8.6 9.1
Approach LOS C D A A

Intersection Summary
HCM Average Control Delay 19.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 480 130 80 250 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1778 1779 1672
Flt Permitted 1.00 0.77 0.97
Satd. Flow (perm) 1778 1379 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 505 137 84 263 116 84
RTOR Reduction (vph) 8 0 0 0 33 0
Lane Group Flow (vph) 634 0 0 347 167 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1302 1010 262
v/s Ratio Prot c0.36 c0.10
v/s Ratio Perm 0.25
v/c Ratio 0.49 0.34 0.64
Uniform Delay, d1 5.0 4.3 35.6
Progression Factor 1.00 0.37 1.00
Incremental Delay, d2 1.3 0.8 5.0
Delay (s) 6.3 2.4 40.6
Level of Service A A D
Approach Delay (s) 6.3 2.4 40.6
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 10.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.51
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 20 0 150 10 180 0 0 580 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.88 1.00 0.98
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1603 1777 1830
Flt Permitted 0.99 0.97 1.00
Satd. Flow (perm) 1603 1721 1830
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 21 0 158 11 189 0 0 611 84
RTOR Reduction (vph) 0 0 0 0 144 0 0 0 0 0 3 0
Lane Group Flow (vph) 0 0 0 0 35 0 0 200 0 0 692 0
Heavy Vehicles (%) 0% 0% 0% 10% 0% 3% 0% 7% 0% 0% 2% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 8.1 71.9 71.9
Effective Green, g (s) 8.1 71.9 71.9
Actuated g/C Ratio 0.09 0.80 0.80
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 144 1375 1462
v/s Ratio Prot c0.02 c0.38
v/s Ratio Perm 0.12
v/c Ratio 0.24 0.15 0.47
Uniform Delay, d1 38.1 2.1 2.9
Progression Factor 1.00 0.73 1.00
Incremental Delay, d2 0.9 0.2 1.1
Delay (s) 39.0 1.7 4.0
Level of Service D A A
Approach Delay (s) 0.0 39.0 1.7 4.0
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 9.4 HCM Level of Service A
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 54.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 0 10 0 0 0 0 40 110 570 40 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.90 1.00
Flt Protected 0.96 1.00 0.96
Satd. Flow (prot) 1704 1652 1773
Flt Permitted 0.96 1.00 0.63
Satd. Flow (perm) 1704 1652 1171
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 0 11 0 0 0 0 42 116 600 42 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 30 0 0 0 0
Lane Group Flow (vph) 0 166 0 0 0 0 0 128 0 0 642 0
Heavy Vehicles (%) 6% 0% 0% 0% 0% 0% 0% 8% 2% 2% 8% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 13.3 66.7 66.7
Effective Green, g (s) 13.3 66.7 66.7
Actuated g/C Ratio 0.15 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1224 868
v/s Ratio Prot 0.08
v/s Ratio Perm 0.10 c0.55
v/c Ratio 0.66 0.10 0.74
Uniform Delay, d1 36.2 3.3 6.7
Progression Factor 1.00 1.00 0.69
Incremental Delay, d2 6.4 0.2 5.1
Delay (s) 42.6 3.4 9.7
Level of Service D A A
Approach Delay (s) 42.6 0.0 3.4 9.7
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 14.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville No-Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 420 30 40 170 80 30 90 80 40 50 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 5 457 33 43 185 87 32 95 87 43 53 0

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 495 315 213 96
Volume Left (vph) 5 43 32 43
Volume Right (vph) 33 87 87 0
Hadj (s) 0.01 -0.04 0.01 0.13
Departure Headway (s) 5.5 5.8 6.4 6.9
Degree Utilization, x 0.76 0.51 0.38 0.18
Capacity (veh/h) 631 579 497 449
Control Delay (s) 23.9 14.5 13.3 11.4
Approach Delay (s) 23.9 14.5 13.3 11.4
Approach LOS C B B B

Intersection Summary
Delay 18.2
HCM Level of Service C
Intersection Capacity Utilization 59.6% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 0 0 230 5 0 10 130 260 0 5 290 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 0 0 291 6 0 13 165 329 0 6 367 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1051 1038 367 1329 1038 329 367 329
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1051 1038 367 1329 1038 329 367 329
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 100 100 57 91 100 98 86 99
cM capacity (veh/h) 181 199 678 68 199 717 1180 1242

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 291 19 494 373
Volume Left 0 6 165 6
Volume Right 291 13 0 0
cSH 678 171 1180 1242
Volume to Capacity 0.43 0.11 0.14 0.01
Queue Length 95th (ft) 54 9 12 0
Control Delay (s) 14.2 28.7 3.8 0.2
Lane LOS B D A A
Approach Delay (s) 14.2 28.7 3.8 0.2
Approach LOS B D

Intersection Summary
Average Delay 5.7
Intersection Capacity Utilization 60.7% ICU Level of Service B
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 20 160 120 10 60 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 27 216 162 14 81 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 176 439 169
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 176 439 169
tC, single (s) 4.1 6.4 6.5
tC, 2 stage (s)
tF (s) 2.2 3.5 3.6
p0 queue free % 98 86 98
cM capacity (veh/h) 1413 564 807

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 243 176 95
Volume Left 27 0 81
Volume Right 0 14 14
cSH 1413 1700 589
Volume to Capacity 0.02 0.10 0.16
Queue Length 95th (ft) 1 0 14
Control Delay (s) 1.0 0.0 12.3
Lane LOS A B
Approach Delay (s) 1.0 0.0 12.3
Approach LOS B

Intersection Summary
Average Delay 2.7
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 0 5 120 0 10 0 160 5 5
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 0 8 182 0 15 0 242 8 8

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 189 15 258
Volume Left (vph) 15 0 0 242
Volume Right (vph) 0 182 0 8
Hadj (s) 0.10 -0.37 0.34 0.22
Departure Headway (s) 4.9 4.2 5.1 4.6
Degree Utilization, x 0.04 0.22 0.02 0.33
Capacity (veh/h) 677 794 664 740
Control Delay (s) 8.1 8.5 8.2 9.9
Approach Delay (s) 8.1 8.5 8.2 9.9
Approach LOS A A A A

Intersection Summary
Delay 9.2
HCM Level of Service A
Intersection Capacity Utilization 32.2% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville No-Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 0 5 10 0 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 0 10 20 0 20
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 20 60 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 20 60 20
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 100 98
cM capacity (veh/h) 1609 946 1064

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 20 30 20
Volume Left 0 10 0
Volume Right 0 0 20
cSH 1700 1609 1064
Volume to Capacity 0.01 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 2.4 8.4
Lane LOS A A
Approach Delay (s) 0.0 2.4 8.4
Approach LOS A

Intersection Summary
Average Delay 3.5
Intersection Capacity Utilization 15.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 0 0 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 0 0 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 0 0 0
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 0 0 0
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1636 1029 1091

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 0 0 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1700 1700 1059
Volume to Capacity 0.00 0.00 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 6.7% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 730 0 670 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 793 0 728 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 793 0 1576 761
vC1, stage 1 conf vol 761
vC2, stage 2 conf vol 815
vCu, unblocked vol 793 0 1576 761
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 836 0 331 404

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 793 793 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 836 1700 1700 1700 346
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 16.9
Lane LOS A C
Approach Delay (s) 0.1 0.0 16.9
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 48.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 700 60 50 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1770 1863 1805 1583
Flt Permitted 1.00 0.27 1.00 0.95 1.00
Satd. Flow (perm) 1843 509 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 761 65 54 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 459
Lane Group Flow (vph) 0 824 0 54 304 0 0 0 0 11 0 41
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 1
Permitted Phases 8 1
Actuated Green, G (s) 70.3 77.6 77.6 7.4 7.4
Effective Green, g (s) 70.3 77.6 77.6 7.4 7.4
Actuated g/C Ratio 0.78 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1440 506 1606 148 130
v/s Ratio Prot c0.45 0.01 c0.16 0.01
v/s Ratio Perm 0.09 c0.03
v/c Ratio 0.57 0.11 0.19 0.07 0.32
Uniform Delay, d1 3.9 2.6 1.0 38.1 38.9
Progression Factor 1.80 0.29 0.63 1.00 1.00
Incremental Delay, d2 1.6 0.1 0.1 0.2 1.4
Delay (s) 8.6 0.8 0.7 38.4 40.3
Level of Service A A A D D
Approach Delay (s) 8.6 0.7 0.0 40.3
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 16.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville No-Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 160 20 170 0 90 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.98 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1839 1770 1583
Flt Permitted 0.56 1.00 1.00 0.95 1.00
Satd. Flow (perm) 1046 1863 1839 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 174 22 185 0 98 0 0 0
RTOR Reduction (vph) 0 0 0 0 5 0 0 0 83 0 0 0
Lane Group Flow (vph) 630 141 0 0 191 0 185 0 15 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 66.0 66.0 22.9 14.0 14.0
Effective Green, g (s) 66.0 66.0 22.9 14.0 14.0
Actuated g/C Ratio 0.73 0.73 0.25 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1074 1366 468 275 246
v/s Ratio Prot c0.25 0.08 0.10
v/s Ratio Perm c0.18 c0.10 0.01
v/c Ratio 0.59 0.10 0.41 0.67 0.06
Uniform Delay, d1 8.1 3.5 27.9 35.8 32.4
Progression Factor 0.61 0.52 0.48 1.00 1.00
Incremental Delay, d2 0.7 0.1 0.6 6.3 0.1
Delay (s) 5.6 1.9 13.9 42.2 32.5
Level of Service A A B D C
Approach Delay (s) 4.9 13.9 38.8 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 14.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 200 10 5 160 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 217 11 5 174 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 228 408 223
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 228 408 223
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1352 601 822

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 228 179 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1352 660
Volume to Capacity 0.13 0.00 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.6
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.6
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 22.5% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville No-Action - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 10 20 30 630 210 10 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1805 1819 1770 3517 1805 3407
Flt Permitted 0.72 1.00 0.41 1.00 0.57 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 784 1819 1071 3517 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 11 21 32 663 221 11 11 137 42
RTOR Reduction (vph) 0 310 0 0 29 0 0 3 0 0 20 0
Lane Group Flow (vph) 53 48 0 11 24 0 663 229 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Effective Green, g (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.72 0.51 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 145 181 84 196 995 2521 592 1700
v/s Ratio Prot 0.03 0.01 c0.15 0.07 0.00 0.05
v/s Ratio Perm c0.04 0.01 c0.37 0.01
v/c Ratio 0.37 0.27 0.13 0.12 0.67 0.09 0.02 0.09
Uniform Delay, d1 37.3 36.9 36.3 36.3 3.8 3.9 11.0 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.93 0.58 1.00 1.00
Incremental Delay, d2 1.6 0.8 0.7 0.3 1.5 0.1 0.0 0.1
Delay (s) 38.9 37.7 37.0 36.6 5.0 2.3 11.0 12.0
Level of Service D D D D A A B B
Approach Delay (s) 37.8 36.7 4.3 11.9
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 890 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3551 1583 1770 3689 1583 1770 3725 1568 3400 3479
Flt Permitted 0.17 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 317 3551 1583 661 3689 1583 1770 3725 1568 3400 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 937 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 47 0 0 249 0 0 162 0 11 0
Lane Group Flow (vph) 137 463 16 316 937 214 53 937 70 337 1094 0
Heavy Vehicles (%) 2% 7% 2% 2% 3% 2% 2% 2% 3% 3% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Effective Green, g (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Actuated g/C Ratio 0.33 0.26 0.26 0.41 0.32 0.32 0.05 0.30 0.30 0.13 0.38
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 197 927 413 413 1189 510 87 1126 474 427 1318
v/s Ratio Prot 0.04 0.13 c0.10 c0.25 0.03 c0.25 0.10 c0.31
v/s Ratio Perm 0.18 0.01 0.22 0.13 0.04
v/c Ratio 0.70 0.50 0.04 0.77 0.79 0.42 0.61 0.83 0.15 0.79 0.83
Uniform Delay, d1 23.1 28.3 24.8 19.3 27.7 23.9 42.0 29.3 22.9 38.2 25.3
Progression Factor 1.18 0.71 0.67 0.67 0.80 0.60 0.86 0.75 1.89 1.00 1.00
Incremental Delay, d2 9.9 1.9 0.2 5.9 3.8 1.8 6.8 3.2 0.1 9.4 4.5
Delay (s) 37.3 21.9 16.8 18.8 26.0 16.0 42.7 25.2 43.4 47.6 29.8
Level of Service D C B B C B D C D D C
Approach Delay (s) 24.6 22.0 29.4 34.0
Approach LOS C C C C

Intersection Summary
HCM Average Control Delay 27.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.1
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1752 3725 1770 2787
Flt Permitted 1.00 0.20 1.00 0.95 1.00
Satd. Flow (perm) 3486 363 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3151 0 695 1316 0 0 0 0 179 0 1642
Heavy Vehicles (%) 0% 2% 3% 3% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 70.0 45.3 45.3 10.0 59.7
Effective Green, g (s) 70.0 45.3 45.3 10.0 59.7
Actuated g/C Ratio 0.58 0.38 0.38 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2034 426 1406 148 1503
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.28 0.14
v/c Ratio 1.55 1.63 0.94 1.21 1.09
Uniform Delay, d1 25.0 34.6 36.0 55.0 30.2
Progression Factor 0.73 0.96 0.91 1.00 1.00
Incremental Delay, d2 247.4 291.5 8.8 141.2 52.8
Delay (s) 265.7 324.9 41.5 196.2 82.9
Level of Service F F D F F
Approach Delay (s) 265.7 139.4 0.0 94.1
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 184.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.44
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1421 1421
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1421 1421
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 505 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 8% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 87.7 87.7 87.7 22.3 22.3 22.3
Effective Green, g (s) 87.7 87.7 87.7 22.3 22.3 22.3
Actuated g/C Ratio 0.73 0.73 0.73 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2722 2586 1124 316 264 264
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.33 0.06 0.14
v/c Ratio 0.59 0.74 0.45 0.33 0.78 0.78
Uniform Delay, d1 7.7 9.4 6.5 42.4 46.5 46.5
Progression Factor 0.34 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.1 0.3 0.6 13.8 13.3
Delay (s) 2.7 10.5 6.8 43.0 60.4 59.8
Level of Service A B A D E E
Approach Delay (s) 2.7 9.6 56.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 12.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 190 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3282 1752 3438 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.60 1.00 0.67 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1117 3282 1227 3438 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 200 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 362
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 200 301
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 10% 0% 3% 5% 2%
Turn Type Perm Perm Prot pm+pt Perm pm+pt Perm
Protected Phases 8 7 4 5 2 1 6
Permitted Phases 8 8 2 2 2 6 6
Actuated Green, G (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Effective Green, g (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.54 0.47 0.50 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 521 1057 646 1557 637 1562 719
v/s Ratio Prot c0.04 c0.10 0.04 c0.01 0.04 0.00 0.06
v/s Ratio Perm 0.00 0.05 0.02 c0.19
v/c Ratio 0.43 0.01 0.63 0.12 0.10 0.09 0.05 0.13 0.42
Uniform Delay, d1 37.8 36.1 35.7 22.1 9.9 13.0 11.5 14.2 16.5
Progression Factor 0.99 0.96 0.92 0.82 1.27 1.24 0.36 0.34 3.09
Incremental Delay, d2 0.8 0.0 2.2 0.0 0.1 0.1 0.0 0.1 1.1
Delay (s) 38.3 34.8 35.1 18.2 12.6 16.2 4.1 5.0 52.3
Level of Service D C D B B B A A D
Approach Delay (s) 37.9 29.6 15.0 40.0
Approach LOS D C B D

Intersection Summary
HCM Average Control Delay 34.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 160 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 168 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 458 442 232 442 437 184 242 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 458 442 232 442 437 184 242 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 467 511 813 508 511 863 1336 1384

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 200 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 496 525 1336 1384
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.4 13.1 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.4 13.1 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 130 5 70 160 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 137 5 74 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 645 561 139 692 563 168 168 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 645 561 139 692 563 168 168 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 66 93 100 68 98 96 95
cM capacity (veh/h) 268 399 909 231 398 881 1409 1447

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 195 242
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 475 431 1409 1447
Volume to Capacity 0.43 0.34 0.04 0.05
Queue Length 95th (ft) 54 37 3 4
Control Delay (s) 18.2 17.6 2.3 2.6
Lane LOS C C A A
Approach Delay (s) 18.2 17.6 2.3 2.6
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 120 5 0 160 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 126 5 0 168 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 313 311 179 313 318 129 189 132
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 313 311 179 313 318 129 189 132
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 92 98 100 98 98 100 100 100
cM capacity (veh/h) 631 607 869 635 601 926 1397 1466

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 132 189
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 627 618 1397 1466
Volume to Capacity 0.10 0.03 0.00 0.00
Queue Length 95th (ft) 8 3 0 0
Control Delay (s) 11.4 11.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.4 11.0 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 21.5% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 10 360 20 5 10 120 280 5 180 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1826 1779 1650 1805
Flt Permitted 1.00 0.69 0.99 0.99
Satd. Flow (perm) 1826 1291 1640 1792
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 11 379 21 5 11 126 295 5 189 5
RTOR Reduction (vph) 0 7 0 0 1 0 0 70 0 0 1 0
Lane Group Flow (vph) 0 57 0 0 404 0 0 362 0 0 198 0
Heavy Vehicles (%) 0% 2% 0% 2% 0% 0% 0% 8% 3% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 34.6 34.6 45.4 45.4
Effective Green, g (s) 34.6 34.6 45.4 45.4
Actuated g/C Ratio 0.38 0.38 0.50 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 702 496 827 904
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.22 0.11
v/c Ratio 0.08 0.82 0.44 0.22
Uniform Delay, d1 17.6 24.8 14.2 12.4
Progression Factor 1.00 1.15 0.83 0.54
Incremental Delay, d2 0.1 7.3 1.6 0.6
Delay (s) 17.7 35.8 13.4 7.2
Level of Service B D B A
Approach Delay (s) 17.7 35.8 13.4 7.2
Approach LOS B D B A

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1713
Flt Permitted 1.00 0.85 0.97
Satd. Flow (perm) 1755 1577 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 84
RTOR Reduction (vph) 9 0 0 0 29 0
Lane Group Flow (vph) 475 0 0 579 213 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.4 63.4 16.6
Effective Green, g (s) 63.4 63.4 16.6
Actuated g/C Ratio 0.70 0.70 0.18
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1236 1111 316
v/s Ratio Prot 0.27 c0.12
v/s Ratio Perm c0.37
v/c Ratio 0.38 0.52 0.68
Uniform Delay, d1 5.4 6.2 34.2
Progression Factor 1.00 0.54 1.00
Incremental Delay, d2 0.9 1.6 5.6
Delay (s) 6.3 4.9 39.8
Level of Service A A D
Approach Delay (s) 6.3 4.9 39.8
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 110 0 550 10 100 0 0 270 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 0.95
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1640 1823 1745
Flt Permitted 0.99 0.96 1.00
Satd. Flow (perm) 1640 1754 1745
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 116 0 579 11 105 0 0 284 189
RTOR Reduction (vph) 0 0 0 0 370 0 0 0 0 0 14 0
Lane Group Flow (vph) 0 0 0 0 325 0 0 116 0 0 459 0
Heavy Vehicles (%) 0% 0% 0% 2% 0% 2% 20% 2% 0% 0% 3% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 23.2 56.8 56.8
Effective Green, g (s) 23.2 56.8 56.8
Actuated g/C Ratio 0.26 0.63 0.63
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 423 1107 1101
v/s Ratio Prot c0.20 c0.26
v/s Ratio Perm 0.07
v/c Ratio 0.77 0.10 0.42
Uniform Delay, d1 30.9 6.6 8.3
Progression Factor 1.00 0.41 1.00
Incremental Delay, d2 8.1 0.2 1.2
Delay (s) 39.0 2.9 9.5
Level of Service D A A
Approach Delay (s) 0.0 39.0 2.9 9.5
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 24.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 73.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 30 40 240 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.97
Satd. Flow (prot) 1745 1637 1795
Flt Permitted 0.96 1.00 0.76
Satd. Flow (perm) 1745 1637 1414
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 84 0 11 0 0 0 0 32 42 253 147 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 9 0 0 0 0
Lane Group Flow (vph) 0 89 0 0 0 0 0 65 0 0 400 0
Heavy Vehicles (%) 3% 0% 0% 0% 0% 0% 0% 10% 5% 3% 2% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 9.9 70.1 70.1
Effective Green, g (s) 9.9 70.1 70.1
Actuated g/C Ratio 0.11 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 192 1275 1101
v/s Ratio Prot 0.04
v/s Ratio Perm 0.05 c0.28
v/c Ratio 0.46 0.05 0.36
Uniform Delay, d1 37.6 2.3 3.1
Progression Factor 1.00 1.00 0.71
Incremental Delay, d2 1.8 0.1 0.8
Delay (s) 39.3 2.4 3.0
Level of Service D A A
Approach Delay (s) 39.3 0.0 2.4 3.0
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 9.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 10 200 30 60 390 50 40 50 20 90 100 10
Sign Control Free Free Stop Stop
Grade 0% 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 11 217 33 65 424 54 42 53 22 98 105 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 478 250 900 864 234 885 853 451
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 478 250 900 864 234 885 853 451
tC, single (s) 4.1 4.1 7.1 6.5 6.2 7.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 2.2 3.5 4.0 3.3 3.5 4.0 3.3
p0 queue free % 99 95 75 81 97 53 62 98
cM capacity (veh/h) 1095 1310 172 275 810 209 279 612

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 261 543 116 214
Volume Left 11 65 42 98
Volume Right 33 54 22 11
cSH 1095 1310 251 248
Volume to Capacity 0.01 0.05 0.46 0.86
Queue Length 95th (ft) 1 4 57 177
Control Delay (s) 0.4 1.4 31.1 69.9
Lane LOS A A D F
Approach Delay (s) 0.4 1.4 31.1 69.9
Approach LOS D F

Intersection Summary
Average Delay 17.1
Intersection Capacity Utilization 65.2% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 180 5 5 10 200 290 10 5 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 228 6 6 13 253 367 13 6 418 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1329 1320 421 1541 1316 373 424 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1329 1320 421 1541 1316 373 424 380
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 94 100 64 87 95 98 78 99
cM capacity (veh/h) 104 122 628 50 123 677 1135 1190

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 234 25 633 430
Volume Left 6 6 253 6
Volume Right 228 13 13 6
cSH 553 129 1135 1190
Volume to Capacity 0.42 0.20 0.22 0.01
Queue Length 95th (ft) 52 17 21 0
Control Delay (s) 16.2 39.7 5.2 0.2
Lane LOS C E A A
Approach Delay (s) 16.2 39.7 5.2 0.2
Approach LOS C E

Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 66.6% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 150 140 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 203 189 81 41 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 270 459 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 270 459 230
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 99 93 98
cM capacity (veh/h) 1305 545 814

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 216 270 54
Volume Left 14 0 41
Volume Right 0 81 14
cSH 1305 1700 594
Volume to Capacity 0.01 0.16 0.09
Queue Length 95th (ft) 1 0 7
Control Delay (s) 0.6 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.6 0.0 11.7
Approach LOS B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 26.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 10 10 130 5 10 5 140 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 15 15 197 8 15 8 212 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 227 30 235
Volume Left (vph) 15 15 8 212
Volume Right (vph) 0 197 8 15
Hadj (s) 0.10 -0.48 -0.10 0.17
Departure Headway (s) 4.9 4.1 4.7 4.7
Degree Utilization, x 0.04 0.26 0.04 0.31
Capacity (veh/h) 674 821 713 729
Control Delay (s) 8.1 8.6 7.9 9.7
Approach Delay (s) 8.1 8.6 7.9 9.7
Approach LOS A A A A

Intersection Summary
Delay 9.0
HCM Level of Service A
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 5 5 20 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 40 10 10 40 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 50 105 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 50 105 45
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1570 892 1031

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 50 50 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1570 956
Volume to Capacity 0.03 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 1.5 8.8
Lane LOS A A
Approach Delay (s) 0.0 1.5 8.8
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 720 0 770 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 837 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 848 0 1625 842
vC1, stage 1 conf vol 842
vC2, stage 2 conf vol 783
vCu, unblocked vol 848 0 1625 842
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 798 0 320 367

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 0 783 848 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 320
Volume to Capacity 0.00 0.46 0.50 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.1
Lane LOS C
Approach Delay (s) 0.0 0.0 21.1
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1770 1863 1805 1583
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 1798 410 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 8 0 0 0 0 0 0 0 0 0 598
Lane Group Flow (vph) 0 872 0 152 207 0 0 0 0 11 0 54
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.4 77.5 77.5 7.5 7.5
Effective Green, g (s) 65.4 77.5 77.5 7.5 7.5
Actuated g/C Ratio 0.73 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1307 498 1604 150 132
v/s Ratio Prot c0.48 c0.03 0.11 0.01
v/s Ratio Perm 0.23 c0.03
v/c Ratio 0.67 0.31 0.13 0.07 0.41
Uniform Delay, d1 6.5 5.0 1.0 38.0 39.2
Progression Factor 0.93 4.43 0.78 1.00 1.00
Incremental Delay, d2 2.7 0.3 0.0 0.2 2.1
Delay (s) 8.7 22.5 0.8 38.3 41.2
Level of Service A C A D D
Approach Delay (s) 8.7 10.0 0.0 41.2
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 20.3 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1848 1770 1583
Flt Permitted 0.50 1.00 1.00 0.95 1.00
Satd. Flow (perm) 929 1863 1848 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 50 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 4 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt Prot custom
Protected Phases 7 4 8 5
Permitted Phases 4 5
Actuated Green, G (s) 75.4 75.4 57.6 7.1 7.1
Effective Green, g (s) 75.4 75.4 57.6 7.1 7.1
Actuated g/C Ratio 0.84 0.84 0.64 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 898 1561 1183 140 125
v/s Ratio Prot c0.09 0.07 0.18 c0.03
v/s Ratio Perm c0.42 0.00
v/c Ratio 0.60 0.08 0.27 0.39 0.03
Uniform Delay, d1 2.3 1.3 7.1 39.4 38.3
Progression Factor 1.58 0.88 1.00 1.00 1.00
Incremental Delay, d2 0.9 0.1 0.1 1.8 0.1
Delay (s) 4.5 1.2 7.2 41.1 38.4
Level of Service A A A D D
Approach Delay (s) 3.9 7.2 39.8 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 8.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 290 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 315 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 505 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 505 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 528 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 321 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 607
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.1
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.1
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 10 20 30 630 210 10 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 1.00 0.91 1.00 0.99 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1805 1819 1770 3517 1805 3407
Flt Permitted 0.72 1.00 0.41 1.00 0.57 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 784 1819 1071 3517 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 11 21 32 663 221 11 11 137 42
RTOR Reduction (vph) 0 310 0 0 29 0 0 3 0 0 20 0
Lane Group Flow (vph) 53 48 0 11 24 0 663 229 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Effective Green, g (s) 9.7 9.7 9.7 9.7 70.3 64.5 45.7 44.9
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.78 0.72 0.51 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 145 181 84 196 995 2521 592 1700
v/s Ratio Prot 0.03 0.01 c0.15 0.07 0.00 0.05
v/s Ratio Perm c0.04 0.01 c0.37 0.01
v/c Ratio 0.37 0.27 0.13 0.12 0.67 0.09 0.02 0.09
Uniform Delay, d1 37.3 36.9 36.3 36.3 3.8 3.9 11.0 11.9
Progression Factor 1.00 1.00 1.00 1.00 0.93 0.58 1.00 1.00
Incremental Delay, d2 1.6 0.8 0.7 0.3 1.5 0.1 0.0 0.1
Delay (s) 38.9 37.7 37.0 36.6 5.0 2.3 11.0 12.0
Level of Service D D D D A A B B
Approach Delay (s) 37.8 36.7 4.3 11.9
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 15.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 890 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 3551 1583 1770 3689 1583 1770 3725 1568 3400 3479
Flt Permitted 0.17 1.00 1.00 0.35 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 317 3551 1583 661 3689 1583 1770 3725 1568 3400 3479
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 937 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 47 0 0 249 0 0 162 0 11 0
Lane Group Flow (vph) 137 463 16 316 937 214 53 937 70 337 1094 0
Heavy Vehicles (%) 2% 7% 2% 2% 3% 2% 2% 2% 3% 3% 2% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Effective Green, g (s) 29.3 23.5 23.5 37.3 29.0 29.0 4.4 27.2 27.2 11.3 34.1
Actuated g/C Ratio 0.33 0.26 0.26 0.41 0.32 0.32 0.05 0.30 0.30 0.13 0.38
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 197 927 413 413 1189 510 87 1126 474 427 1318
v/s Ratio Prot 0.04 0.13 c0.10 c0.25 0.03 c0.25 0.10 c0.31
v/s Ratio Perm 0.18 0.01 0.22 0.13 0.04
v/c Ratio 0.70 0.50 0.04 0.77 0.79 0.42 0.61 0.83 0.15 0.79 0.83
Uniform Delay, d1 23.1 28.3 24.8 19.3 27.7 23.9 42.0 29.3 22.9 38.2 25.3
Progression Factor 1.18 0.70 0.67 0.67 0.80 0.60 0.85 0.72 1.75 1.00 1.00
Incremental Delay, d2 9.9 1.9 0.2 5.9 3.8 1.8 6.8 3.2 0.1 9.4 4.5
Delay (s) 37.2 21.8 16.8 18.8 26.0 16.0 42.3 24.2 40.2 47.6 29.8
Level of Service D C B B C B D C D D C
Approach Delay (s) 24.5 22.0 28.0 34.0
Approach LOS C C C C

Intersection Summary
HCM Average Control Delay 27.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.1
Intersection Capacity Utilization 79.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1752 3725 1770 2787
Flt Permitted 1.00 0.18 1.00 0.95 1.00
Satd. Flow (perm) 3486 337 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 7 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 0 3151 0 695 1316 0 0 0 0 179 0 1642
Heavy Vehicles (%) 0% 2% 3% 3% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 71.0 45.9 45.9 10.0 59.1
Effective Green, g (s) 71.0 45.9 45.9 10.0 59.1
Actuated g/C Ratio 0.59 0.38 0.38 0.08 0.49
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2063 412 1425 148 1489
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.31 0.14
v/c Ratio 1.53 1.69 0.92 1.21 1.10
Uniform Delay, d1 24.5 34.9 35.4 55.0 30.4
Progression Factor 0.82 0.97 0.92 1.00 1.00
Incremental Delay, d2 237.7 316.4 7.6 141.2 56.8
Delay (s) 257.7 350.0 40.2 196.2 87.3
Level of Service F F D F F
Approach Delay (s) 257.7 147.3 0.0 98.0
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 184.3 HCM Level of Service F
HCM Volume to Capacity ratio 1.45
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 390 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1703 1421 1421
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1703 1421 1421
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 411 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 106 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 505 105 206 205 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 6% 0% 8% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 87.7 87.7 87.7 22.3 22.3 22.3
Effective Green, g (s) 87.7 87.7 87.7 22.3 22.3 22.3
Actuated g/C Ratio 0.73 0.73 0.73 0.19 0.19 0.19
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2722 2586 1124 316 264 264
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.33 0.06 0.14
v/c Ratio 0.59 0.74 0.45 0.33 0.78 0.78
Uniform Delay, d1 7.7 9.4 6.5 42.4 46.5 46.5
Progression Factor 0.35 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.1 0.3 0.6 13.8 13.3
Delay (s) 2.8 10.5 6.8 43.0 60.4 59.8
Level of Service A B A D E E
Approach Delay (s) 2.8 9.6 56.6 0.0
Approach LOS A A E A

Intersection Summary
HCM Average Control Delay 12.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 190 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3282 1752 3438 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.60 1.00 0.67 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1117 3282 1227 3438 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 200 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 362
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 200 301
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 10% 0% 3% 5% 2%
Turn Type Perm Perm Prot pm+pt Perm pm+pt Perm
Protected Phases 8 7 4 5 2 1 6
Permitted Phases 8 8 2 2 2 6 6
Actuated Green, G (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Effective Green, g (s) 9.4 9.4 13.8 28.2 48.6 42.7 45.0 40.9 40.9
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.54 0.47 0.50 0.45 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 521 1057 646 1557 637 1562 719
v/s Ratio Prot c0.04 c0.10 0.04 c0.01 0.04 0.00 0.06
v/s Ratio Perm 0.00 0.05 0.02 c0.19
v/c Ratio 0.43 0.01 0.63 0.12 0.10 0.09 0.05 0.13 0.42
Uniform Delay, d1 37.8 36.1 35.7 22.1 9.9 13.0 11.5 14.2 16.5
Progression Factor 1.00 0.97 0.92 0.82 1.18 1.18 0.36 0.34 3.09
Incremental Delay, d2 0.8 0.0 2.2 0.0 0.1 0.1 0.0 0.1 1.1
Delay (s) 38.4 35.0 35.1 18.2 11.8 15.5 4.1 5.0 52.3
Level of Service D C D B B B A A D
Approach Delay (s) 38.0 29.6 14.3 40.0
Approach LOS D C B D

Intersection Summary
HCM Average Control Delay 34.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 160 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 168 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 458 442 232 442 437 184 242 200
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 458 442 232 442 437 184 242 200
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 467 511 813 508 511 863 1336 1384

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 200 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 496 525 1336 1384
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.4 13.1 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.4 13.1 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.4
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 130 5 70 160 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 137 5 74 168 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 645 561 139 692 563 168 168 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 645 561 139 692 563 168 168 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 66 93 100 68 98 96 95
cM capacity (veh/h) 268 399 909 231 398 881 1409 1447

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 195 242
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 475 431 1409 1447
Volume to Capacity 0.43 0.34 0.04 0.05
Queue Length 95th (ft) 54 37 3 4
Control Delay (s) 18.2 17.6 2.3 2.6
Lane LOS C C A A
Approach Delay (s) 18.2 17.6 2.3 2.6
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 38.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 120 5 0 160 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 126 5 0 168 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 313 311 179 313 318 129 189 132
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 313 311 179 313 318 129 189 132
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 92 98 100 98 98 100 100 100
cM capacity (veh/h) 631 607 869 635 601 926 1397 1466

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 132 189
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 627 618 1397 1466
Volume to Capacity 0.10 0.03 0.00 0.00
Queue Length 95th (ft) 8 3 0 0
Control Delay (s) 11.4 11.0 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.4 11.0 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 21.5% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 10 360 20 5 10 120 280 5 180 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1826 1779 1650 1805
Flt Permitted 1.00 0.69 0.99 0.99
Satd. Flow (perm) 1826 1291 1640 1792
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 11 379 21 5 11 126 295 5 189 5
RTOR Reduction (vph) 0 7 0 0 1 0 0 71 0 0 1 0
Lane Group Flow (vph) 0 57 0 0 404 0 0 361 0 0 198 0
Heavy Vehicles (%) 0% 2% 0% 2% 0% 0% 0% 8% 3% 0% 5% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 34.3 34.3 45.7 45.7
Effective Green, g (s) 34.3 34.3 45.7 45.7
Actuated g/C Ratio 0.38 0.38 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 696 492 833 910
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.22 0.11
v/c Ratio 0.08 0.82 0.43 0.22
Uniform Delay, d1 17.8 25.1 14.0 12.3
Progression Factor 1.00 1.05 0.67 0.58
Incremental Delay, d2 0.1 7.8 1.5 0.5
Delay (s) 17.8 34.1 11.0 7.6
Level of Service B C B A
Approach Delay (s) 17.8 34.1 11.0 7.6
Approach LOS B C B A

Intersection Summary
HCM Average Control Delay 19.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.8% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 460 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1755 1833 1713
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1755 1583 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 484 158 84
RTOR Reduction (vph) 12 0 0 0 24 0
Lane Group Flow (vph) 472 0 0 579 218 0
Heavy Vehicles (%) 5% 2% 2% 3% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.4 65.4 16.6
Effective Green, g (s) 65.4 65.4 16.6
Actuated g/C Ratio 0.73 0.73 0.18
Clearance Time (s) 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1275 1150 316
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.37
v/c Ratio 0.37 0.50 0.69
Uniform Delay, d1 4.6 5.3 34.3
Progression Factor 1.00 0.67 1.00
Incremental Delay, d2 0.8 1.4 6.4
Delay (s) 5.4 4.9 40.7
Level of Service A A D
Approach Delay (s) 5.4 4.9 40.7
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 77.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 110 0 550 10 100 0 0 270 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.89 1.00 0.95
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1640 1823 1745
Flt Permitted 0.99 0.96 1.00
Satd. Flow (perm) 1640 1753 1745
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 116 0 579 11 105 0 0 284 189
RTOR Reduction (vph) 0 0 0 0 282 0 0 0 0 0 18 0
Lane Group Flow (vph) 0 0 0 0 413 0 0 116 0 0 455 0
Heavy Vehicles (%) 0% 0% 0% 2% 0% 2% 20% 2% 0% 0% 3% 3%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 27.7 52.3 52.3
Effective Green, g (s) 27.7 52.3 52.3
Actuated g/C Ratio 0.31 0.58 0.58
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 505 1019 1014
v/s Ratio Prot c0.25 c0.26
v/s Ratio Perm 0.07
v/c Ratio 0.82 0.11 0.45
Uniform Delay, d1 28.8 8.5 10.7
Progression Factor 1.00 0.57 1.00
Incremental Delay, d2 9.9 0.2 1.4
Delay (s) 38.7 5.0 12.1
Level of Service D A B
Approach Delay (s) 0.0 38.7 5.0 12.1
Approach LOS A D A B

Intersection Summary
HCM Average Control Delay 25.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 73.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 0 10 0 0 0 0 30 40 240 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.98 0.92 1.00
Flt Protected 0.96 1.00 0.97
Satd. Flow (prot) 1745 1637 1795
Flt Permitted 0.96 1.00 0.76
Satd. Flow (perm) 1745 1637 1414
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 84 0 11 0 0 0 0 32 42 253 147 0
RTOR Reduction (vph) 0 6 0 0 0 0 0 9 0 0 0 0
Lane Group Flow (vph) 0 89 0 0 0 0 0 65 0 0 400 0
Heavy Vehicles (%) 3% 0% 0% 0% 0% 0% 0% 10% 5% 3% 2% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 9.9 70.1 70.1
Effective Green, g (s) 9.9 70.1 70.1
Actuated g/C Ratio 0.11 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 192 1275 1101
v/s Ratio Prot 0.04
v/s Ratio Perm 0.05 c0.28
v/c Ratio 0.46 0.05 0.36
Uniform Delay, d1 37.6 2.3 3.1
Progression Factor 1.00 1.00 0.67
Incremental Delay, d2 1.8 0.1 0.8
Delay (s) 39.3 2.4 2.9
Level of Service D A A
Approach Delay (s) 39.3 0.0 2.4 2.9
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 8.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 40.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 200 30 60 390 50 40 50 20 90 100 10
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 11 217 33 65 424 54 42 53 22 98 105 11

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 261 543 116 214
Volume Left (vph) 11 65 42 98
Volume Right (vph) 33 54 22 11
Hadj (s) 0.04 0.01 -0.01 0.11
Departure Headway (s) 6.1 5.6 6.8 6.6
Degree Utilization, x 0.44 0.84 0.22 0.39
Capacity (veh/h) 550 543 468 500
Control Delay (s) 13.7 30.6 11.7 13.8
Approach Delay (s) 13.7 30.6 11.7 13.8
Approach LOS B D B B

Intersection Summary
Delay 21.6
HCM Level of Service C
Intersection Capacity Utilization 65.2% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 180 5 5 10 200 290 10 5 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 228 6 6 13 253 367 13 6 418 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1329 1320 421 1541 1316 373 424 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1329 1320 421 1541 1316 373 424 380
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 94 100 64 87 95 98 78 99
cM capacity (veh/h) 104 122 628 50 123 677 1135 1190

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 234 25 633 430
Volume Left 6 6 253 6
Volume Right 228 13 13 6
cSH 553 129 1135 1190
Volume to Capacity 0.42 0.20 0.22 0.01
Queue Length 95th (ft) 52 17 21 0
Control Delay (s) 16.2 39.7 5.2 0.2
Lane LOS C E A A
Approach Delay (s) 16.2 39.7 5.2 0.2
Approach LOS C E

Intersection Summary
Average Delay 6.2
Intersection Capacity Utilization 66.6% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 150 140 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 203 189 81 41 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 270 459 230
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 270 459 230
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 99 93 98
cM capacity (veh/h) 1305 545 814

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 216 270 54
Volume Left 14 0 41
Volume Right 0 81 14
cSH 1305 1700 594
Volume to Capacity 0.01 0.16 0.09
Queue Length 95th (ft) 1 0 7
Control Delay (s) 0.6 0.0 11.7
Lane LOS A B
Approach Delay (s) 0.6 0.0 11.7
Approach LOS B

Intersection Summary
Average Delay 1.4
Intersection Capacity Utilization 26.1% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 10 0 10 10 130 5 10 5 140 5 10
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 15 15 0 15 15 197 8 15 8 212 8 15

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 30 227 30 235
Volume Left (vph) 15 15 8 212
Volume Right (vph) 0 197 8 15
Hadj (s) 0.10 -0.48 -0.10 0.17
Departure Headway (s) 4.9 4.1 4.7 4.7
Degree Utilization, x 0.04 0.26 0.04 0.31
Capacity (veh/h) 674 821 713 729
Control Delay (s) 8.1 8.6 7.9 9.7
Approach Delay (s) 8.1 8.6 7.9 9.7
Approach LOS A A A A

Intersection Summary
Delay 9.0
HCM Level of Service A
Intersection Capacity Utilization 31.1% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 5 5 20 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 40 10 10 40 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 50 105 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 50 105 45
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 99 99 99
cM capacity (veh/h) 1570 892 1031

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 50 50 20
Volume Left 0 10 10
Volume Right 10 0 10
cSH 1700 1570 956
Volume to Capacity 0.03 0.01 0.02
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 1.5 8.8
Lane LOS A A
Approach Delay (s) 0.0 1.5 8.8
Approach LOS A

Intersection Summary
Average Delay 2.1
Intersection Capacity Utilization 15.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 0 5 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 0 10 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 10 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 10 20 10
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 99 99
cM capacity (veh/h) 1623 1002 1077

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 10 20
Volume Left 0 0 10
Volume Right 0 0 10
cSH 1623 1700 1038
Volume to Capacity 0.00 0.01 0.02
Queue Length 95th (ft) 0 0 1
Control Delay (s) 0.0 0.0 8.5
Lane LOS A
Approach Delay (s) 0.0 0.0 8.5
Approach LOS A

Intersection Summary
Average Delay 4.3
Intersection Capacity Utilization 13.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 720 0 770 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 837 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 848 0 1625 842
vC1, stage 1 conf vol 842
vC2, stage 2 conf vol 783
vCu, unblocked vol 848 0 1625 842
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 798 0 320 367

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 0 783 848 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 320
Volume to Capacity 0.00 0.46 0.50 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.1
Lane LOS C
Approach Delay (s) 0.0 0.0 21.1
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 52.8% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 2.5 2.5 2.5 2.5 2.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1770 1863 1805 1583
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 1798 410 1863 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 8 0 0 0 0 0 0 0 0 0 598
Lane Group Flow (vph) 0 872 0 152 207 0 0 0 0 11 0 54
Heavy Vehicles (%) 0% 2% 2% 2% 2% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 65.4 77.5 77.5 7.5 7.5
Effective Green, g (s) 65.4 77.5 77.5 7.5 7.5
Actuated g/C Ratio 0.73 0.86 0.86 0.08 0.08
Clearance Time (s) 2.5 2.5 2.5 2.5 2.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1307 498 1604 150 132
v/s Ratio Prot c0.48 c0.03 0.11 0.01
v/s Ratio Perm 0.23 c0.03
v/c Ratio 0.67 0.31 0.13 0.07 0.41
Uniform Delay, d1 6.5 5.0 1.0 38.0 39.2
Progression Factor 0.95 6.48 0.11 1.00 1.00
Incremental Delay, d2 2.7 0.3 0.0 0.2 2.1
Delay (s) 8.9 32.8 0.1 38.3 41.2
Level of Service A C A D D
Approach Delay (s) 8.9 14.0 0.0 41.2
Approach LOS A B A D

Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 7.5
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 50 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1863 1848 1770 1583
Flt Permitted 0.46 1.00 1.00 0.95 1.00
Satd. Flow (perm) 852 1863 1848 1770 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 54 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 50 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 4 0 0 0
Heavy Vehicles (%) 2% 2% 0% 0% 2% 0% 2% 0% 2% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 72.9 72.9 34.1 7.1 7.1
Effective Green, g (s) 72.9 72.9 34.1 7.1 7.1
Actuated g/C Ratio 0.81 0.81 0.38 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1035 1509 700 140 125
v/s Ratio Prot c0.20 0.07 0.18
v/s Ratio Perm c0.23 c0.03 0.00
v/c Ratio 0.52 0.09 0.46 0.39 0.03
Uniform Delay, d1 6.9 1.7 21.0 39.4 38.3
Progression Factor 0.41 0.31 0.33 1.00 1.00
Incremental Delay, d2 0.4 0.1 0.4 1.8 0.1
Delay (s) 3.2 0.6 7.3 41.1 38.4
Level of Service A A A D D
Approach Delay (s) 2.7 7.3 39.8 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 7.7 HCM Level of Service A
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville No-Action - (Improved)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 290 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 315 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 505 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 505 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 528 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 321 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 607
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.1
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.1
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.3% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North No Action - (Improved) - PM Peak - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 5 10 10 310 240 5 20 160 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 1.00 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3497 1805 3331
Flt Permitted 0.74 1.00 0.29 1.00 0.61 1.00 0.59 1.00
Satd. Flow (perm) 1357 1678 551 1850 1143 3497 1125 3331
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 5 11 11 326 253 5 21 168 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 1 0 0 18 0
Lane Group Flow (vph) 74 113 0 5 13 0 326 257 0 21 203 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 901 2300 696 1943
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.01 c0.23 0.02
v/c Ratio 0.36 0.44 0.06 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.6 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.49 0.42 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.3 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 32.9 32.5 2.4 2.5 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.6 2.4 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 18.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 70.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 790 60 180 440 220 80 1040 310 370 850 140
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3619 1583 1687 3519 1538 1752 3689 1553 3367 3435
Flt Permitted 0.41 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 764 3619 1583 284 3519 1538 1752 3689 1553 3367 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 832 63 189 463 232 84 1095 326 389 895 147
RTOR Reduction (vph) 0 0 42 0 0 168 0 0 119 0 14 0
Lane Group Flow (vph) 158 832 21 189 463 64 84 1095 207 389 1028 0
Heavy Vehicles (%) 3% 5% 2% 7% 8% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.9 24.3 24.3 32.3 25.0 25.0 6.0 29.7 29.7 12.0 35.7
Effective Green, g (s) 30.9 24.3 24.3 32.3 25.0 25.0 6.0 29.7 29.7 12.0 35.7
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 335 977 427 216 978 427 117 1217 512 449 1363
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.30
v/s Ratio Perm 0.13 0.01 c0.24 0.04 0.13
v/c Ratio 0.47 0.85 0.05 0.88 0.47 0.15 0.72 0.90 0.40 0.87 0.75
Uniform Delay, d1 21.4 31.1 24.3 22.7 27.0 24.5 41.2 28.7 23.3 38.2 23.4
Progression Factor 0.53 0.61 0.30 1.35 1.07 2.63 0.72 0.58 0.23 1.00 1.00
Incremental Delay, d2 1.0 8.7 0.2 28.9 1.6 0.7 12.7 6.2 0.3 15.9 2.4
Delay (s) 12.2 27.9 7.5 59.5 30.4 65.1 42.5 22.9 5.6 54.2 25.8
Level of Service B C A E C E D C A D C
Approach Delay (s) 24.3 45.7 20.2 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 85.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 100 330 1450 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3506 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3506 207 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 105 347 1526 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 8
Lane Group Flow (vph) 0 3019 0 347 1526 0 0 0 0 221 0 1466
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 50.9 50.9 12.0 54.1
Effective Green, g (s) 77.0 50.9 50.9 12.0 54.1
Actuated g/C Ratio 0.64 0.42 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2250 289 1580 174 1359
v/s Ratio Prot c0.86 c0.16 0.41 0.13 c0.38
v/s Ratio Perm 0.35 0.15
v/c Ratio 1.34 1.20 0.97 1.27 1.08
Uniform Delay, d1 21.5 35.5 33.7 54.0 32.9
Progression Factor 0.71 0.90 0.87 1.00 1.00
Incremental Delay, d2 154.7 110.5 11.5 158.8 48.7
Delay (s) 169.9 142.3 40.8 212.8 81.7
Level of Service F F D F F
Approach Delay (s) 169.9 59.6 0.0 98.8
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 120.2 HCM Level of Service F
HCM Volume to Capacity ratio 1.26
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 121.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1610 550 170 0 730 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1671 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1671 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1695 579 179 0 768 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 121 0 0 0 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1695 458 179 384 384 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.0 74.0 74.0 36.0 36.0 36.0
Effective Green, g (s) 74.0 74.0 74.0 36.0 36.0 36.0
Actuated g/C Ratio 0.62 0.62 0.62 0.30 0.30 0.30
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2297 2182 976 501 447 447
v/s Ratio Prot 0.37 c0.48 c0.26
v/s Ratio Perm 0.29 0.11 0.26
v/c Ratio 0.60 0.78 0.47 0.36 0.86 0.86
Uniform Delay, d1 13.9 16.9 12.4 32.9 39.6 39.6
Progression Factor 0.50 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.8 0.4 0.4 15.1 15.1
Delay (s) 7.0 18.7 12.8 33.4 54.7 54.7
Level of Service A B B C D D
Approach Delay (s) 7.0 17.2 50.7 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 60 90 210 0 10 120 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3296 1752 3343 1805 3112 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3296 1752 3343 1805 3112 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 63 95 221 0 11 126 379
RTOR Reduction (vph) 0 0 10 0 39 0 0 0 0 0 0 244
Lane Group Flow (vph) 0 116 1 589 140 0 95 221 0 11 126 135
Heavy Vehicles (%) 0% 2% 0% 3% 2% 7% 3% 8% 0% 0% 16% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.9 39.5 1.5 32.1 32.1
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.9 39.5 1.5 32.1 32.1
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.10 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1245 173 1467 30 1110 559
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.07 0.01 0.04
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.55 0.15 0.37 0.11 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.6 15.2 43.8 19.4 20.4
Progression Factor 1.01 1.02 0.94 0.84 1.16 0.69 1.27 0.61 0.94
Incremental Delay, d2 0.7 0.0 3.7 0.0 3.3 0.2 6.4 0.2 0.9
Delay (s) 39.5 38.0 34.1 15.2 48.2 10.6 61.9 12.0 20.0
Level of Service D D C B D B E B C
Approach Delay (s) 39.4 29.7 21.9 18.9
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 25.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 43.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 30 20 5 0 280 30 5 150 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 32 21 5 0 295 32 5 158 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 511 511 174 511 511 311 189 326
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 511 511 174 511 511 311 189 326
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 95 95 99 93 95 99 100 100
cM capacity (veh/h) 456 467 875 456 467 734 1397 1245

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 58 326 195
Volume Left 21 32 0 5
Volume Right 5 5 32 32
cSH 487 477 1397 1245
Volume to Capacity 0.10 0.12 0.00 0.00
Queue Length 95th (ft) 8 10 0 0
Control Delay (s) 13.2 13.6 0.0 0.3
Lane LOS B B A
Approach Delay (s) 13.2 13.6 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 240 0 60 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 253 0 63 126 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 695 568 253 700 568 126 126 253
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 695 568 253 700 568 126 126 253
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 71 91 100 63 94 98 95
cM capacity (veh/h) 231 402 788 239 402 924 1454 1313

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 284 189
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 482 473 1454 1313
Volume to Capacity 0.40 0.42 0.02 0.05
Queue Length 95th (ft) 48 52 2 4
Control Delay (s) 17.4 18.1 1.0 2.9
Lane LOS C C A A
Approach Delay (s) 17.4 18.1 1.0 2.9
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 42.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 250 10 0 110 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 263 11 0 116 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 426 421 147 426 447 268 179 274
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 426 421 147 426 447 268 179 274
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 98 99 99 98 99 100 100
cM capacity (veh/h) 530 527 905 531 509 775 1409 1301

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 274 179
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 562 563 1409 1301
Volume to Capacity 0.07 0.04 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.9 11.6 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.9 11.6 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 280 30 5 5 250 370 5 110 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.92 1.00
Flt Protected 0.99 0.96 1.00 1.00
Satd. Flow (prot) 1844 1708 1677 1686
Flt Permitted 0.95 0.73 1.00 0.98
Satd. Flow (perm) 1763 1297 1676 1656
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 295 32 5 5 263 389 5 116 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 50 0 0 0 0
Lane Group Flow (vph) 0 28 0 0 331 0 0 607 0 0 121 0
Heavy Vehicles (%) 0% 0% 0% 7% 1% 0% 0% 6% 3% 0% 13% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 27.2 27.2 52.8 52.8
Effective Green, g (s) 27.2 27.2 52.8 52.8
Actuated g/C Ratio 0.30 0.30 0.59 0.59
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 533 392 983 972
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.26 c0.36 0.07
v/c Ratio 0.05 0.85 0.62 0.12
Uniform Delay, d1 22.3 29.4 12.1 8.3
Progression Factor 1.00 0.89 1.31 1.53
Incremental Delay, d2 0.0 12.5 2.5 0.3
Delay (s) 22.3 38.6 18.3 13.0
Level of Service C D B B
Approach Delay (s) 22.3 38.6 18.3 13.0
Approach LOS C D B B

Intersection Summary
HCM Average Control Delay 23.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 70.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 540 130 80 310 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1782 1781 1672
Flt Permitted 1.00 0.78 0.97
Satd. Flow (perm) 1782 1399 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 568 137 84 326 116 84
RTOR Reduction (vph) 7 0 0 0 32 0
Lane Group Flow (vph) 698 0 0 410 168 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 65.9 65.9 14.1
Effective Green, g (s) 65.9 65.9 14.1
Actuated g/C Ratio 0.73 0.73 0.16
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1305 1024 262
v/s Ratio Prot c0.39 c0.10
v/s Ratio Perm 0.29
v/c Ratio 0.53 0.40 0.64
Uniform Delay, d1 5.3 4.6 35.6
Progression Factor 1.00 2.38 1.00
Incremental Delay, d2 1.6 1.0 5.3
Delay (s) 6.9 11.9 40.9
Level of Service A B D
Approach Delay (s) 6.9 11.9 40.9
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 13.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.55
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 20 0 320 5 190 0 0 800 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.87 1.00 0.99
Flt Protected 1.00 1.00 1.00
Satd. Flow (prot) 1247 1745 1566
Flt Permitted 1.00 0.98 1.00
Satd. Flow (perm) 1247 1718 1566
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 21 0 337 5 200 0 0 842 95
RTOR Reduction (vph) 0 0 0 0 299 0 0 0 0 0 3 0
Lane Group Flow (vph) 0 0 0 0 59 0 0 205 0 0 934 0
Heavy Vehicles (%) 0% 0% 0% 10% 0% 34% 0% 9% 0% 0% 21% 8%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 10.2 69.8 69.8
Effective Green, g (s) 10.2 69.8 69.8
Actuated g/C Ratio 0.11 0.78 0.78
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 141 1332 1215
v/s Ratio Prot c0.05 c0.60
v/s Ratio Perm 0.12
v/c Ratio 0.42 0.15 0.77
Uniform Delay, d1 37.1 2.6 5.6
Progression Factor 1.00 3.64 1.00
Incremental Delay, d2 2.0 0.2 4.7
Delay (s) 39.2 9.6 10.3
Level of Service D A B
Approach Delay (s) 0.0 39.2 9.6 10.3
Approach LOS A D A B

Intersection Summary
HCM Average Control Delay 17.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 76.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 160 0 5 0 0 0 0 40 110 790 40 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.90 1.00
Flt Protected 0.95 1.00 0.95
Satd. Flow (prot) 1675 1652 1495
Flt Permitted 0.95 1.00 0.63
Satd. Flow (perm) 1675 1652 981
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 168 0 5 0 0 0 0 42 116 832 42 0
RTOR Reduction (vph) 0 1 0 0 0 0 0 30 0 0 0 0
Lane Group Flow (vph) 0 172 0 0 0 0 0 128 0 0 874 0
Heavy Vehicles (%) 8% 0% 0% 0% 0% 0% 0% 8% 2% 22% 8% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 13.5 66.5 66.5
Effective Green, g (s) 13.5 66.5 66.5
Actuated g/C Ratio 0.15 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 251 1221 725
v/s Ratio Prot 0.08
v/s Ratio Perm 0.10 c0.89
v/c Ratio 0.69 0.10 1.21
Uniform Delay, d1 36.2 3.3 11.7
Progression Factor 1.00 1.00 0.93
Incremental Delay, d2 7.6 0.2 100.9
Delay (s) 43.8 3.5 111.9
Level of Service D A F
Approach Delay (s) 43.8 0.0 3.5 111.9
Approach LOS D A A F

Intersection Summary
HCM Average Control Delay 87.9 HCM Level of Service F
HCM Volume to Capacity ratio 1.12
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 76.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 5 420 40 100 170 80 40 100 140 40 50 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 5 457 43 109 185 87 42 105 152 43 53 0

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 505 380 300 96
Volume Left (vph) 5 109 42 43
Volume Right (vph) 43 87 152 0
Hadj (s) 0.01 0.02 -0.04 0.15
Departure Headway (s) 6.2 6.5 6.9 7.9
Degree Utilization, x 0.87 0.69 0.58 0.21
Capacity (veh/h) 566 527 487 389
Control Delay (s) 38.0 22.4 18.9 13.0
Approach Delay (s) 38.0 22.4 18.9 13.0
Approach LOS E C C B

Intersection Summary
Delay 27.0
HCM Level of Service D
Intersection Capacity Utilization 70.8% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 460 5 0 10 310 260 0 5 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 582 6 0 13 392 329 0 6 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1509 1497 370 2079 1500 329 373 329
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1509 1497 370 2079 1500 329 373 329
tC, single (s) 7.1 6.5 6.6 7.1 6.5 6.2 4.5 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.3 2.5 2.2
p0 queue free % 91 100 4 0 100 98 61 99
cM capacity (veh/h) 68 76 604 1 75 717 1016 1242

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 589 19 722 380
Volume Left 6 6 392 6
Volume Right 582 13 0 6
cSH 557 3 1016 1242
Volume to Capacity 1.06 6.32 0.39 0.01
Queue Length 95th (ft) 424 Err 46 0
Control Delay (s) 80.9 Err 8.2 0.2
Lane LOS F F A A
Approach Delay (s) 80.9 Err 8.2 0.2
Approach LOS F F

Intersection Summary
Average Delay 142.5
Intersection Capacity Utilization 85.6% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 20 390 290 10 60 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 27 527 392 14 81 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 405 980 399
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 405 980 399
tC, single (s) 4.1 6.4 6.5
tC, 2 stage (s)
tF (s) 2.2 3.5 3.6
p0 queue free % 98 70 98
cM capacity (veh/h) 1164 271 594

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 554 405 95
Volume Left 27 0 81
Volume Right 0 14 14
cSH 1164 1700 294
Volume to Capacity 0.02 0.24 0.32
Queue Length 95th (ft) 2 0 34
Control Delay (s) 0.7 0.0 23.0
Lane LOS A C
Approach Delay (s) 0.7 0.0 23.0
Approach LOS C

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 47.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 80 250 0 0 190 120 0 10 0 160 5 70
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 121 379 0 0 288 182 0 15 0 242 8 106

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 500 470 15 356
Volume Left (vph) 121 0 0 242
Volume Right (vph) 0 182 0 106
Hadj (s) 0.96 0.44 0.34 0.05
Departure Headway (s) 7.3 6.8 8.9 7.0
Degree Utilization, x 1.02 0.89 0.04 0.69
Capacity (veh/h) 482 521 356 501
Control Delay (s) 72.7 43.1 12.2 24.2
Approach Delay (s) 72.7 43.1 12.2 24.2
Approach LOS F E B C

Intersection Summary
Delay 48.8
HCM Level of Service E
Intersection Capacity Utilization 65.0% ICU Level of Service C
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 0 250 10 0 310
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 0 500 20 0 620
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 20 1040 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 20 1040 20
tC, single (s) 4.6 6.4 6.8
tC, 2 stage (s)
tF (s) 2.6 3.5 3.8
p0 queue free % 63 100 33
cM capacity (veh/h) 1348 162 919

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 20 520 620
Volume Left 0 500 0
Volume Right 0 0 620
cSH 1700 1348 919
Volume to Capacity 0.01 0.37 0.67
Queue Length 95th (ft) 0 44 136
Control Delay (s) 0.0 9.0 16.6
Lane LOS A C
Approach Delay (s) 0.0 9.0 16.6
Approach LOS C

Intersection Summary
Average Delay 12.9
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 10 10 300 250 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 20 20 600 500 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 620 340 320
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 620 340 320
tC, single (s) 4.1 6.9 6.2
tC, 2 stage (s)
tF (s) 2.2 3.9 3.3
p0 queue free % 100 13 99
cM capacity (veh/h) 970 574 725

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 20 620 510
Volume Left 0 0 500
Volume Right 0 600 10
cSH 970 1700 576
Volume to Capacity 0.00 0.36 0.88
Queue Length 95th (ft) 0 0 257
Control Delay (s) 0.0 0.0 41.6
Lane LOS E
Approach Delay (s) 0.0 0.0 41.6
Approach LOS E

Intersection Summary
Average Delay 18.4
Intersection Capacity Utilization 39.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 740 0 680 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 804 0 739 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 804 0 1598 772
vC1, stage 1 conf vol 772
vC2, stage 2 conf vol 826
vCu, unblocked vol 804 0 1598 772
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 829 0 322 403

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 804 804 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 829 1700 1700 1700 339
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 17.2
Lane LOS A C
Approach Delay (s) 0.1 0.0 17.2
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 49.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 710 60 60 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1719 1845 1805 1583
Flt Permitted 1.00 0.25 1.00 0.95 1.00
Satd. Flow (perm) 1843 457 1845 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 772 65 65 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 0 0 0 472
Lane Group Flow (vph) 0 834 0 65 304 0 0 0 0 11 0 28
Heavy Vehicles (%) 0% 2% 2% 5% 3% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 66.8 75.0 75.0 5.0 5.0
Effective Green, g (s) 66.8 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.74 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1368 426 1538 100 88
v/s Ratio Prot c0.45 0.01 c0.16 0.01
v/s Ratio Perm 0.12 c0.02
v/c Ratio 0.61 0.15 0.20 0.11 0.32
Uniform Delay, d1 5.5 3.8 1.5 40.4 40.9
Progression Factor 1.20 1.18 1.35 1.00 1.00
Incremental Delay, d2 2.0 0.2 0.1 0.5 2.1
Delay (s) 8.5 4.7 2.1 40.9 42.9
Level of Service A A A D D
Approach Delay (s) 8.5 2.5 0.0 42.9
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 17.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 64.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 170 20 170 0 100 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1845 1824 1770 1553
Flt Permitted 0.54 1.00 1.00 0.95 1.00
Satd. Flow (perm) 998 1845 1824 1770 1553
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 185 22 185 0 109 0 0 0
RTOR Reduction (vph) 0 0 0 0 3 0 0 0 91 0 0 0
Lane Group Flow (vph) 630 141 0 0 204 0 185 0 18 0 0 0
Heavy Vehicles (%) 2% 3% 0% 0% 3% 0% 2% 0% 4% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 65.5 65.5 39.6 14.5 14.5
Effective Green, g (s) 65.5 65.5 39.6 14.5 14.5
Actuated g/C Ratio 0.73 0.73 0.44 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 906 1343 803 285 250
v/s Ratio Prot c0.16 0.08 0.11
v/s Ratio Perm c0.34 c0.10 0.01
v/c Ratio 0.70 0.10 0.25 0.65 0.07
Uniform Delay, d1 5.7 3.6 15.9 35.4 32.0
Progression Factor 0.59 0.30 0.67 1.00 1.00
Incremental Delay, d2 1.9 0.1 0.2 5.0 0.1
Delay (s) 5.2 1.2 10.9 40.4 32.2
Level of Service A A B D C
Approach Delay (s) 4.5 10.9 37.3 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 13.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 220 10 5 170 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 239 11 5 185 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 250 440 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 440 245
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1327 576 799

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 250 190 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1327 635
Volume to Capacity 0.15 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.8
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.8
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
1: 175th Street & Waverly Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 20 570 5 10 10 310 240 5 20 160 50
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.86 1.00 0.92 1.00 1.00 1.00 0.96
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1736 1678 1805 1850 1770 3497 1805 3331
Flt Permitted 0.74 1.00 0.29 1.00 0.61 1.00 0.59 1.00
Satd. Flow (perm) 1357 1678 551 1850 1143 3497 1125 3331
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 74 21 600 5 11 11 326 253 5 21 168 53
RTOR Reduction (vph) 0 508 0 0 9 0 0 1 0 0 18 0
Lane Group Flow (vph) 74 113 0 5 13 0 326 257 0 21 203 0
Heavy Vehicles (%) 4% 0% 2% 0% 0% 0% 2% 3% 0% 0% 4% 6%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Effective Green, g (s) 13.8 13.8 13.8 13.8 66.2 59.2 54.5 52.5
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.74 0.66 0.61 0.58
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 208 257 84 284 901 2300 696 1943
v/s Ratio Prot c0.07 0.01 c0.03 0.07 0.00 0.06
v/s Ratio Perm 0.05 0.01 c0.23 0.02
v/c Ratio 0.36 0.44 0.06 0.04 0.36 0.11 0.03 0.10
Uniform Delay, d1 34.1 34.6 32.6 32.5 4.4 5.7 7.1 8.3
Progression Factor 1.00 1.00 1.00 1.00 0.49 0.42 1.00 1.00
Incremental Delay, d2 1.0 1.2 0.3 0.1 0.2 0.1 0.0 0.1
Delay (s) 35.2 35.8 32.9 32.5 2.4 2.5 7.2 8.4
Level of Service D D C C A A A A
Approach Delay (s) 35.7 32.6 2.4 8.3
Approach LOS D C A A

Intersection Summary
HCM Average Control Delay 18.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.37
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 70.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
2: US 56 & Gardner Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 150 790 60 180 440 220 80 1040 310 370 850 140
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1752 3619 1583 1687 3519 1538 1752 3689 1553 3367 3435
Flt Permitted 0.41 1.00 1.00 0.16 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 764 3619 1583 284 3519 1538 1752 3689 1553 3367 3435
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 158 832 63 189 463 232 84 1095 326 389 895 147
RTOR Reduction (vph) 0 0 42 0 0 168 0 0 119 0 14 0
Lane Group Flow (vph) 158 832 21 189 463 64 84 1095 207 389 1028 0
Heavy Vehicles (%) 3% 5% 2% 7% 8% 5% 3% 3% 4% 4% 3% 2%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 30.9 24.3 24.3 32.3 25.0 25.0 6.0 29.7 29.7 12.0 35.7
Effective Green, g (s) 30.9 24.3 24.3 32.3 25.0 25.0 6.0 29.7 29.7 12.0 35.7
Actuated g/C Ratio 0.34 0.27 0.27 0.36 0.28 0.28 0.07 0.33 0.33 0.13 0.40
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 335 977 427 216 978 427 117 1217 512 449 1363
v/s Ratio Prot 0.03 0.23 c0.07 0.13 0.05 c0.30 c0.12 0.30
v/s Ratio Perm 0.13 0.01 c0.24 0.04 0.13
v/c Ratio 0.47 0.85 0.05 0.88 0.47 0.15 0.72 0.90 0.40 0.87 0.75
Uniform Delay, d1 21.4 31.1 24.3 22.7 27.0 24.5 41.2 28.7 23.3 38.2 23.4
Progression Factor 0.47 0.60 0.35 1.35 1.07 2.63 0.72 0.58 0.23 1.00 1.00
Incremental Delay, d2 1.0 8.7 0.2 28.9 1.6 0.7 12.7 6.2 0.3 15.9 2.4
Delay (s) 11.1 27.3 8.7 59.5 30.4 65.1 42.5 22.9 5.6 54.2 25.8
Level of Service B C A E C E D C A D C
Approach Delay (s) 23.8 45.7 20.2 33.5
Approach LOS C D C C

Intersection Summary
HCM Average Control Delay 29.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 13.3
Intersection Capacity Utilization 85.0% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
8: US-56 & I-35 SB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2770 100 330 1450 0 0 0 0 210 0 1400
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3506 1719 3725 1736 2760
Flt Permitted 1.00 0.11 1.00 0.95 1.00
Satd. Flow (perm) 3506 207 3725 1736 2760
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2916 105 347 1526 0 0 0 0 221 0 1474
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 0 8
Lane Group Flow (vph) 0 3019 0 347 1526 0 0 0 0 221 0 1466
Heavy Vehicles (%) 0% 2% 14% 5% 2% 0% 0% 0% 0% 4% 0% 3%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 77.0 50.9 50.9 12.0 54.1
Effective Green, g (s) 77.0 50.9 50.9 12.0 54.1
Actuated g/C Ratio 0.64 0.42 0.42 0.10 0.45
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2250 289 1580 174 1359
v/s Ratio Prot c0.86 c0.16 0.41 0.13 c0.38
v/s Ratio Perm 0.35 0.15
v/c Ratio 1.34 1.20 0.97 1.27 1.08
Uniform Delay, d1 21.5 35.5 33.7 54.0 32.9
Progression Factor 0.71 0.90 0.87 1.00 1.00
Incremental Delay, d2 154.7 110.5 11.5 158.8 48.7
Delay (s) 169.9 142.3 40.8 212.8 81.7
Level of Service F F D F F
Approach Delay (s) 169.9 59.6 0.0 98.8
Approach LOS F E A F

Intersection Summary
HCM Average Control Delay 120.2 HCM Level of Service F
HCM Volume to Capacity ratio 1.26
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 121.3% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
9: US-56 & I-35 NB Ramps AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1300 0 0 1610 550 170 0 730 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1583 1671 1490 1490
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1583 1671 1490 1490
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1368 0 0 1695 579 179 0 768 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 121 0 0 0 0 0 0
Lane Group Flow (vph) 0 1368 0 0 1695 458 179 384 384 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 2% 8% 0% 3% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 74.0 74.0 74.0 36.0 36.0 36.0
Effective Green, g (s) 74.0 74.0 74.0 36.0 36.0 36.0
Actuated g/C Ratio 0.62 0.62 0.62 0.30 0.30 0.30
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2297 2182 976 501 447 447
v/s Ratio Prot 0.37 c0.48 c0.26
v/s Ratio Perm 0.29 0.11 0.26
v/c Ratio 0.60 0.78 0.47 0.36 0.86 0.86
Uniform Delay, d1 13.9 16.9 12.4 32.9 39.6 39.6
Progression Factor 0.50 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.8 0.4 0.4 15.1 15.1
Delay (s) 7.0 18.7 12.8 33.4 54.7 54.7
Level of Service A B B C D D
Approach Delay (s) 7.0 17.2 50.7 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 21.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 106.7% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
11: Waverly Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 110 10 560 110 60 90 210 0 10 120 360
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.95 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3296 1752 3343 1805 3112 1568
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3296 1752 3343 1805 3112 1568
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 116 11 589 116 63 95 221 0 11 126 379
RTOR Reduction (vph) 0 0 10 0 39 0 0 0 0 0 0 244
Lane Group Flow (vph) 0 116 1 589 140 0 95 221 0 11 126 135
Heavy Vehicles (%) 0% 2% 0% 3% 2% 7% 3% 8% 0% 0% 16% 3%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 8.3 8.3 20.7 34.0 8.9 39.5 1.5 32.1 32.1
Effective Green, g (s) 8.3 8.3 20.7 34.0 8.9 39.5 1.5 32.1 32.1
Actuated g/C Ratio 0.09 0.09 0.23 0.38 0.10 0.44 0.02 0.36 0.36
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 326 149 782 1245 173 1467 30 1110 559
v/s Ratio Prot c0.03 c0.17 0.04 c0.05 0.07 0.01 0.04
v/s Ratio Perm 0.00 c0.09
v/c Ratio 0.36 0.01 0.75 0.11 0.55 0.15 0.37 0.11 0.24
Uniform Delay, d1 38.3 37.1 32.3 18.2 38.6 15.2 43.8 19.4 20.4
Progression Factor 1.01 1.02 0.94 0.84 1.00 1.00 1.27 0.61 0.94
Incremental Delay, d2 0.7 0.0 3.7 0.0 3.5 0.2 6.4 0.2 0.9
Delay (s) 39.3 37.7 34.1 15.2 42.2 15.4 61.9 12.0 20.0
Level of Service D D C B D B E B C
Approach Delay (s) 39.1 29.7 23.4 18.9
Approach LOS D C C B

Intersection Summary
HCM Average Control Delay 26.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.45
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 20.0
Intersection Capacity Utilization 43.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
13: 183rd Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 20 5 30 20 5 0 280 30 5 150 30
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 21 5 32 21 5 0 295 32 5 158 32
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 511 511 174 511 511 311 189 326
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 511 511 174 511 511 311 189 326
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 95 95 99 93 95 99 100 100
cM capacity (veh/h) 456 467 875 456 467 734 1397 1245

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 47 58 326 195
Volume Left 21 32 0 5
Volume Right 5 5 32 32
cSH 487 477 1397 1245
Volume to Capacity 0.10 0.12 0.00 0.00
Queue Length 95th (ft) 8 10 0 0
Control Delay (s) 13.2 13.6 0.0 0.3
Lane LOS B B A
Approach Delay (s) 13.2 13.6 0.0 0.3
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 27.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
16: Four Corners Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 110 70 0 140 50 30 240 0 60 120 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 116 74 0 147 53 32 253 0 63 126 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 695 568 253 700 568 126 126 253
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 695 568 253 700 568 126 126 253
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 71 91 100 63 94 98 95
cM capacity (veh/h) 231 402 788 239 402 924 1454 1313

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 195 200 284 189
Volume Left 5 0 32 63
Volume Right 74 53 0 0
cSH 482 473 1454 1313
Volume to Capacity 0.40 0.42 0.02 0.05
Queue Length 95th (ft) 48 52 2 4
Control Delay (s) 17.4 18.1 1.0 2.9
Lane LOS C C A A
Approach Delay (s) 17.4 18.1 1.0 2.9
Approach LOS C C

Intersection Summary
Average Delay 9.0
Intersection Capacity Utilization 42.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
17: 191st Street & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 20 10 5 5 10 5 0 250 10 0 110 60
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 21 11 5 5 11 5 0 263 11 0 116 63
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 426 421 147 426 447 268 179 274
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 426 421 147 426 447 268 179 274
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 96 98 99 99 98 99 100 100
cM capacity (veh/h) 530 527 905 531 509 775 1409 1301

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 37 21 274 179
Volume Left 21 5 0 0
Volume Right 5 5 11 63
cSH 562 563 1409 1301
Volume to Capacity 0.07 0.04 0.00 0.00
Queue Length 95th (ft) 5 3 0 0
Control Delay (s) 11.9 11.6 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.9 11.6 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 1.3
Intersection Capacity Utilization 24.4% ICU Level of Service A
Analysis Period (min) 15

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
24: Sunflower Road & US 56 AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 5 20 5 280 30 5 5 250 370 5 110 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.98 1.00 0.92 1.00
Flt Protected 0.99 0.96 1.00 1.00
Satd. Flow (prot) 1844 1708 1677 1686
Flt Permitted 0.94 0.73 1.00 0.98
Satd. Flow (perm) 1748 1297 1676 1653
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 5 21 5 295 32 5 5 263 389 5 116 0
RTOR Reduction (vph) 0 3 0 0 1 0 0 89 0 0 0 0
Lane Group Flow (vph) 0 28 0 0 331 0 0 568 0 0 121 0
Heavy Vehicles (%) 0% 0% 0% 7% 1% 0% 0% 6% 3% 0% 13% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 17.1 17.1 27.9 27.9
Effective Green, g (s) 17.1 17.1 27.9 27.9
Actuated g/C Ratio 0.31 0.31 0.51 0.51
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 543 403 850 839
v/s Ratio Prot
v/s Ratio Perm 0.02 c0.25 c0.34 0.07
v/c Ratio 0.05 0.82 0.67 0.14
Uniform Delay, d1 13.3 17.5 10.1 7.2
Progression Factor 1.00 1.00 0.72 1.00
Incremental Delay, d2 0.0 12.6 3.4 0.4
Delay (s) 13.3 30.1 10.7 7.6
Level of Service B C B A
Approach Delay (s) 13.3 30.1 10.7 7.6
Approach LOS B C B A

Intersection Summary
HCM Average Control Delay 16.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.73
Actuated Cycle Length (s) 55.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 70.1% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
25: US 56 & 4th Street AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 540 130 80 310 110 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.97 1.00 0.94
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1782 1781 1672
Flt Permitted 1.00 0.79 0.97
Satd. Flow (perm) 1782 1421 1672
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 568 137 84 326 116 84
RTOR Reduction (vph) 12 0 0 0 55 0
Lane Group Flow (vph) 693 0 0 410 145 0
Heavy Vehicles (%) 4% 3% 4% 6% 5% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 35.1 35.1 9.9
Effective Green, g (s) 35.1 35.1 9.9
Actuated g/C Ratio 0.64 0.64 0.18
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1137 907 301
v/s Ratio Prot c0.39 c0.09
v/s Ratio Perm 0.29
v/c Ratio 0.61 0.45 0.48
Uniform Delay, d1 5.9 5.1 20.2
Progression Factor 0.80 1.92 1.00
Incremental Delay, d2 2.2 1.4 1.2
Delay (s) 7.0 11.0 21.5
Level of Service A B C
Approach Delay (s) 7.0 11.0 21.5
Approach LOS A B C

Intersection Summary
HCM Average Control Delay 10.4 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 55.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
28: I-35 SB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 20 0 320 5 190 0 0 800 90
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.99
Flt Protected 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1641 1205 1745 1566
Flt Permitted 0.95 1.00 0.98 1.00
Satd. Flow (perm) 1641 1205 1719 1566
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 21 0 337 5 200 0 0 842 95
RTOR Reduction (vph) 0 0 0 0 312 0 0 0 0 0 3 0
Lane Group Flow (vph) 0 0 0 21 25 0 0 205 0 0 934 0
Heavy Vehicles (%) 0% 0% 0% 10% 0% 34% 0% 9% 0% 0% 21% 8%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 6.8 6.8 73.2 73.2
Effective Green, g (s) 6.8 6.8 73.2 73.2
Actuated g/C Ratio 0.08 0.08 0.81 0.81
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 124 91 1398 1274
v/s Ratio Prot 0.01 c0.02 c0.60
v/s Ratio Perm 0.12
v/c Ratio 0.17 0.28 0.15 0.73
Uniform Delay, d1 39.0 39.3 1.8 3.9
Progression Factor 1.00 1.00 0.78 1.00
Incremental Delay, d2 0.6 1.7 0.2 3.8
Delay (s) 39.6 41.0 1.6 7.6
Level of Service D D A A
Approach Delay (s) 0.0 40.9 1.6 7.6
Approach LOS A D A A

Intersection Summary
HCM Average Control Delay 14.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 75.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
29: I-35 NB Ramps & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 160 0 5 0 0 0 0 40 110 790 40 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00
Flt Protected 0.95 1.00 1.00 0.95
Satd. Flow (prot) 1675 1759 1583 1495
Flt Permitted 0.95 1.00 1.00 0.71
Satd. Flow (perm) 1675 1759 1583 1105
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 168 0 5 0 0 0 0 42 116 832 42 0
RTOR Reduction (vph) 0 1 0 0 0 0 0 0 30 0 0 0
Lane Group Flow (vph) 0 172 0 0 0 0 0 42 86 0 874 0
Heavy Vehicles (%) 8% 0% 0% 0% 0% 0% 0% 8% 2% 22% 8% 0%
Turn Type Perm Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 8 4
Actuated Green, G (s) 13.5 66.5 66.5 66.5
Effective Green, g (s) 13.5 66.5 66.5 66.5
Actuated g/C Ratio 0.15 0.74 0.74 0.74
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 251 1300 1170 816
v/s Ratio Prot 0.02
v/s Ratio Perm 0.10 0.05 c0.79
v/c Ratio 0.69 0.03 0.07 1.07
Uniform Delay, d1 36.2 3.1 3.2 11.7
Progression Factor 1.00 1.00 1.00 1.16
Incremental Delay, d2 7.6 0.0 0.1 47.5
Delay (s) 43.8 3.2 3.4 61.1
Level of Service D A A E
Approach Delay (s) 43.8 0.0 3.3 61.1
Approach LOS D A A E

Intersection Summary
HCM Average Control Delay 51.0 HCM Level of Service D
HCM Volume to Capacity ratio 1.01
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 74.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
31: US 56 & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 5 420 40 100 170 80 40 100 140 40 50 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.95 0.93 1.00
Flt Protected 0.95 1.00 0.95 1.00 0.99 0.98
Satd. Flow (prot) 1805 1813 1671 1722 1541 1795
Flt Permitted 0.59 1.00 0.43 1.00 0.94 0.71
Satd. Flow (perm) 1125 1813 748 1722 1459 1298
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 5 457 43 109 185 87 42 105 152 43 53 0
RTOR Reduction (vph) 0 5 0 0 26 0 0 76 0 0 0 0
Lane Group Flow (vph) 5 495 0 109 246 0 0 223 0 0 96 0
Heavy Vehicles (%) 0% 3% 8% 8% 6% 3% 18% 24% 6% 3% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 32.4 32.4 12.6 12.6
Effective Green, g (s) 32.4 32.4 32.4 32.4 12.6 12.6
Actuated g/C Ratio 0.59 0.59 0.59 0.59 0.23 0.23
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 663 1068 441 1014 334 297
v/s Ratio Prot c0.27 0.14
v/s Ratio Perm 0.00 0.15 c0.15 0.07
v/c Ratio 0.01 0.46 0.25 0.24 0.67 0.32
Uniform Delay, d1 4.7 6.4 5.4 5.4 19.3 17.7
Progression Factor 1.00 1.00 0.87 0.97 1.00 1.00
Incremental Delay, d2 0.0 1.4 1.2 0.5 5.0 0.6
Delay (s) 4.7 7.8 6.0 5.8 24.3 18.3
Level of Service A A A A C B
Approach Delay (s) 7.8 5.9 24.3 18.3
Approach LOS A A C B

Intersection Summary
HCM Average Control Delay 11.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 55.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 59.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
32: 207th & Sunflower Road AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 460 5 0 10 310 260 0 5 290 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 582 6 0 13 392 329 0 6 367 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1509 1497 370 2079 1500 329 373 329
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1509 1497 370 2079 1500 329 373 329
tC, single (s) 7.1 6.5 6.6 7.1 6.5 6.2 4.5 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.6 3.5 4.0 3.3 2.5 2.2
p0 queue free % 91 100 4 0 100 98 61 99
cM capacity (veh/h) 68 76 604 1 75 717 1016 1242

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 589 19 722 380
Volume Left 6 6 392 6
Volume Right 582 13 0 6
cSH 557 3 1016 1242
Volume to Capacity 1.06 6.32 0.39 0.01
Queue Length 95th (ft) 424 Err 46 0
Control Delay (s) 80.9 Err 8.2 0.2
Lane LOS F F A A
Approach Delay (s) 80.9 Err 8.2 0.2
Approach LOS F F

Intersection Summary
Average Delay 142.5
Intersection Capacity Utilization 85.6% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
33: 207th & COOP Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 20 390 290 10 60 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 27 527 392 14 81 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 405 980 399
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 405 980 399
tC, single (s) 4.1 6.4 6.5
tC, 2 stage (s)
tF (s) 2.2 3.5 3.6
p0 queue free % 98 70 98
cM capacity (veh/h) 1164 271 594

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 554 405 95
Volume Left 27 0 81
Volume Right 0 14 14
cSH 1164 1700 294
Volume to Capacity 0.02 0.24 0.32
Queue Length 95th (ft) 2 0 34
Control Delay (s) 0.7 0.0 23.0
Lane LOS A C
Approach Delay (s) 0.7 0.0 23.0
Approach LOS C

Intersection Summary
Average Delay 2.4
Intersection Capacity Utilization 47.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
34: 207th & Edgerton Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 250 0 0 190 120 0 10 0 160 5 70
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 1.00 0.96
Flt Protected 0.99 1.00 1.00 0.97
Satd. Flow (prot) 1224 1288 1583 1671
Flt Permitted 0.78 1.00 1.00 0.79
Satd. Flow (perm) 965 1288 1583 1360
Peak-hour factor, PHF 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Adj. Flow (vph) 121 379 0 0 288 182 0 15 0 242 8 106
RTOR Reduction (vph) 0 0 0 0 36 0 0 0 0 0 23 0
Lane Group Flow (vph) 0 500 0 0 434 0 0 15 0 0 333 0
Heavy Vehicles (%) 14% 66% 0% 0% 58% 11% 0% 20% 0% 2% 40% 11%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 34.3 34.3 17.1 17.1
Effective Green, g (s) 34.3 34.3 17.1 17.1
Actuated g/C Ratio 0.56 0.56 0.28 0.28
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 539 720 441 379
v/s Ratio Prot 0.34 0.01
v/s Ratio Perm c0.52 c0.24
v/c Ratio 0.93 0.60 0.03 0.88
Uniform Delay, d1 12.4 9.0 16.1 21.2
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 22.2 1.4 0.0 19.9
Delay (s) 34.6 10.5 16.2 41.1
Level of Service C B B D
Approach Delay (s) 34.6 10.5 16.2 41.1
Approach LOS C B B D

Intersection Summary
HCM Average Control Delay 27.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.91
Actuated Cycle Length (s) 61.4 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.5% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
35: 207th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 10 0 250 10 0 310
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 20 0 500 20 0 620
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 20 1040 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 20 1040 20
tC, single (s) 4.6 6.4 6.8
tC, 2 stage (s)
tF (s) 2.6 3.5 3.8
p0 queue free % 63 100 33
cM capacity (veh/h) 1348 162 919

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 20 520 620
Volume Left 0 500 0
Volume Right 0 0 620
cSH 1700 1348 919
Volume to Capacity 0.01 0.37 0.67
Queue Length 95th (ft) 0 44 136
Control Delay (s) 0.0 9.0 16.6
Lane LOS A C
Approach Delay (s) 0.0 9.0 16.6
Approach LOS C

Intersection Summary
Average Delay 12.9
Intersection Capacity Utilization 46.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
36: 215th & Evening Star Rd AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 10 10 300 250 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 20 20 600 500 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 620 40 20
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 620 40 20
tC, single (s) 4.1 6.9 6.2
tC, 2 stage (s)
tF (s) 2.2 3.9 3.3
p0 queue free % 100 42 99
cM capacity (veh/h) 970 869 1064

Direction, Lane # EB 1 WB 1 WB 2 SB 1
Volume Total 20 20 600 510
Volume Left 0 0 0 500
Volume Right 0 0 600 10
cSH 970 1700 1700 872
Volume to Capacity 0.00 0.01 0.35 0.58
Queue Length 95th (ft) 0 0 0 97
Control Delay (s) 0.0 0.0 0.0 14.8
Lane LOS B
Approach Delay (s) 0.0 0.0 14.8
Approach LOS B

Intersection Summary
Average Delay 6.6
Intersection Capacity Utilization 28.6% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
37: 199th Street & West Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 740 0 680 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 11 804 0 739 65 33 11
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 804 0 1598 772
vC1, stage 1 conf vol 772
vC2, stage 2 conf vol 826
vCu, unblocked vol 804 0 1598 772
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 99 0 90 97
cM capacity (veh/h) 829 0 322 403

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1
Volume Total 11 804 804 0 43
Volume Left 11 0 0 0 33
Volume Right 0 0 65 0 11
cSH 829 1700 1700 1700 339
Volume to Capacity 0.01 0.47 0.47 0.00 0.13
Queue Length 95th (ft) 1 0 0 0 11
Control Delay (s) 9.4 0.0 0.0 0.0 17.2
Lane LOS A C
Approach Delay (s) 0.1 0.0 17.2
Approach LOS C

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 49.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
38: 199th Street & IH-35 SB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 710 60 60 280 0 0 0 0 10 0 460
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1843 1719 1845 1805 1583
Flt Permitted 1.00 0.25 1.00 0.95 1.00
Satd. Flow (perm) 1843 457 1845 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 772 65 65 304 0 0 0 0 11 0 500
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 0 0 0 472
Lane Group Flow (vph) 0 834 0 65 304 0 0 0 0 11 0 28
Heavy Vehicles (%) 0% 2% 2% 5% 3% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 66.8 75.0 75.0 5.0 5.0
Effective Green, g (s) 66.8 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.74 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1368 426 1538 100 88
v/s Ratio Prot c0.45 0.01 c0.16 0.01
v/s Ratio Perm 0.12 c0.02
v/c Ratio 0.61 0.15 0.20 0.11 0.32
Uniform Delay, d1 5.5 3.8 1.5 40.4 40.9
Progression Factor 1.00 1.18 1.35 1.00 1.00
Incremental Delay, d2 2.0 0.2 0.1 0.5 2.1
Delay (s) 7.5 4.7 2.1 40.9 42.9
Level of Service A A A D D
Approach Delay (s) 7.5 2.5 0.0 42.9
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 17.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.58
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.0
Intersection Capacity Utilization 64.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
39: 199th Street & IH-35 NB Ramp AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 580 130 0 0 170 20 170 0 100 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1845 1824 1770 1553
Flt Permitted 0.54 1.00 1.00 0.95 1.00
Satd. Flow (perm) 998 1845 1824 1770 1553
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 630 141 0 0 185 22 185 0 109 0 0 0
RTOR Reduction (vph) 0 0 0 0 3 0 0 0 91 0 0 0
Lane Group Flow (vph) 630 141 0 0 204 0 185 0 18 0 0 0
Heavy Vehicles (%) 2% 3% 0% 0% 3% 0% 2% 0% 4% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 65.5 65.5 39.6 14.5 14.5
Effective Green, g (s) 65.5 65.5 39.6 14.5 14.5
Actuated g/C Ratio 0.73 0.73 0.44 0.16 0.16
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 906 1343 803 285 250
v/s Ratio Prot c0.16 0.08 0.11
v/s Ratio Perm c0.34 c0.10 0.01
v/c Ratio 0.70 0.10 0.25 0.65 0.07
Uniform Delay, d1 5.7 3.6 15.9 35.4 32.0
Progression Factor 0.40 0.27 0.67 1.00 1.00
Incremental Delay, d2 1.9 0.1 0.2 5.0 0.1
Delay (s) 4.2 1.1 10.9 40.4 32.2
Level of Service A A B D C
Approach Delay (s) 3.6 10.9 37.3 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.68
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 64.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
40: 199th Street & East Waverley AM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 220 10 5 170 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 239 11 5 185 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 250 440 245
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 250 440 245
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1327 576 799

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 250 190 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1327 635
Volume to Capacity 0.15 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.3 10.8
Lane LOS A B
Approach Delay (s) 0.0 0.3 10.8
Approach LOS B

Intersection Summary
Average Delay 0.5
Intersection Capacity Utilization 23.0% ICU Level of Service A
Analysis Period (min) 15

          2030 Wellsville North Alternative - (Improved + Mitigated) - AM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 0 20 30 630 220 0 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1819 1770 3539 1805 3407
Flt Permitted 0.72 1.00 1.00 0.64 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 1819 1190 3539 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 0 21 32 663 232 0 11 137 42
RTOR Reduction (vph) 0 309 0 0 29 0 0 0 0 0 20 0
Lane Group Flow (vph) 53 49 0 0 24 0 663 232 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.8 9.8 9.8 70.2 61.9 51.1 47.8
Effective Green, g (s) 9.8 9.8 9.8 70.2 61.9 51.1 47.8
Actuated g/C Ratio 0.11 0.11 0.11 0.78 0.69 0.57 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 147 183 198 1040 2434 679 1809
v/s Ratio Prot 0.03 0.01 c0.12 0.07 0.00 0.05
v/s Ratio Perm c0.04 c0.37 0.01
v/c Ratio 0.36 0.27 0.12 0.64 0.10 0.02 0.09
Uniform Delay, d1 37.2 36.8 36.2 4.9 4.7 8.5 10.4
Progression Factor 1.00 1.00 1.00 0.58 0.76 1.00 1.00
Incremental Delay, d2 1.5 0.8 0.3 1.1 0.1 0.0 0.1
Delay (s) 38.7 37.6 36.5 4.0 3.6 8.5 10.5
Level of Service D D D A A A B
Approach Delay (s) 37.7 36.5 3.9 10.4
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 14.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 900 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 3519 1583 1770 3689 1583 1770 3725 1568 3400 3475
Flt Permitted 0.16 1.00 1.00 0.39 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 290 3519 1583 724 3689 1583 1770 3725 1568 3400 3475
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 947 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 45 0 0 253 0 0 157 0 11 0
Lane Group Flow (vph) 137 463 18 316 947 210 53 937 75 337 1094 0
Heavy Vehicles (%) 4% 8% 2% 2% 3% 2% 2% 2% 3% 3% 2% 3%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.8 25.2 25.2 33.8 26.2 26.2 3.9 29.2 29.2 11.3 36.6
Effective Green, g (s) 31.8 25.2 25.2 33.8 26.2 26.2 3.9 29.2 29.2 11.3 36.6
Actuated g/C Ratio 0.35 0.28 0.28 0.38 0.29 0.29 0.04 0.32 0.32 0.13 0.41
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 209 985 443 360 1074 461 77 1209 509 427 1413
v/s Ratio Prot 0.05 0.13 c0.07 c0.26 c0.03 c0.25 c0.10 0.31
v/s Ratio Perm 0.18 0.01 0.26 0.13 0.05
v/c Ratio 0.66 0.47 0.04 0.88 0.88 0.46 0.69 0.78 0.15 0.79 0.77
Uniform Delay, d1 22.4 26.9 23.6 24.3 30.4 26.1 42.5 27.4 21.6 38.2 23.1
Progression Factor 1.32 0.66 0.51 1.32 1.15 1.95 0.73 0.56 0.30 1.00 1.00
Incremental Delay, d2 7.1 1.6 0.2 15.7 7.7 2.3 14.0 1.9 0.1 9.4 2.7
Delay (s) 36.6 19.3 12.1 47.8 42.7 53.0 45.1 17.3 6.6 47.6 25.8
Level of Service D B B D D D D B A D C
Approach Delay (s) 22.2 46.4 16.5 30.9
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.8
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2787
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 3486 395 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 6 0 0 0 0 0 0 0 0 0 7
Lane Group Flow (vph) 0 3152 0 695 1316 0 0 0 0 179 0 1635
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 69.0 44.5 44.5 10.0 60.5
Effective Green, g (s) 69.0 44.5 44.5 10.0 60.5
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2004 437 1381 148 1521
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.25 0.13
v/c Ratio 1.57 1.59 0.95 1.21 1.07
Uniform Delay, d1 25.5 34.4 36.7 55.0 29.8
Progression Factor 0.75 0.92 0.89 1.00 1.00
Incremental Delay, d2 257.9 273.0 10.9 141.2 46.0
Delay (s) 277.1 304.6 43.7 196.2 75.8
Level of Service F F D F E
Approach Delay (s) 277.1 133.8 0.0 87.6
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 186.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.43
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 400 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1671 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1671 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 421 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 83 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 528 105 211 210 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 8% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.2 86.2 86.2 23.8 23.8 23.8
Effective Green, g (s) 86.2 86.2 86.2 23.8 23.8 23.8
Actuated g/C Ratio 0.72 0.72 0.72 0.20 0.20 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2676 2542 1105 331 279 279
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.60 0.75 0.48 0.32 0.76 0.75
Uniform Delay, d1 8.4 10.3 7.2 41.1 45.4 45.3
Progression Factor 0.39 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.2 0.3 0.6 11.1 10.9
Delay (s) 3.4 11.6 7.6 41.7 56.5 56.2
Level of Service A B A D E E
Approach Delay (s) 3.4 10.6 53.4 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 200 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3167 1752 3343 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1770 3167 1752 3343 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 211 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 374
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 211 289
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 14% 0% 3% 8% 2%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 9.4 9.4 13.9 28.3 7.5 41.8 4.9 39.2 39.2
Effective Green, g (s) 9.4 9.4 13.9 28.3 7.5 41.8 4.9 39.2 39.2
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.08 0.46 0.05 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 525 1060 148 1471 95 1456 689
v/s Ratio Prot c0.04 c0.10 0.04 c0.04 c0.04 0.02 0.06
v/s Ratio Perm 0.00 c0.18
v/c Ratio 0.43 0.01 0.62 0.12 0.43 0.09 0.34 0.14 0.42
Uniform Delay, d1 37.8 36.1 35.6 22.0 39.2 13.5 41.0 15.3 17.5
Progression Factor 1.02 1.04 0.91 0.81 0.98 0.89 1.46 0.30 2.88
Incremental Delay, d2 0.8 0.0 2.2 0.1 2.0 0.1 1.1 0.1 1.0
Delay (s) 39.4 37.5 34.5 17.9 40.3 12.1 60.9 4.6 51.5
Level of Service D D C B D B E A D
Approach Delay (s) 39.1 29.1 21.0 40.9
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 35.2 HCM Level of Service D
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 170 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 179 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 468 453 232 453 447 195 242 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 468 453 232 453 447 195 242 211
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 459 504 813 499 504 852 1336 1372

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 211 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 489 517 1336 1372
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.6 13.2 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.6 13.2 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 140 5 70 170 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 147 5 74 179 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 666 582 150 713 584 179 179 153
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 666 582 150 713 584 179 179 153
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 65 93 100 67 98 96 95
cM capacity (veh/h) 257 388 896 221 386 869 1397 1434

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 205 253
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 462 420 1397 1434
Volume to Capacity 0.44 0.35 0.04 0.05
Queue Length 95th (ft) 56 39 3 4
Control Delay (s) 18.8 18.1 2.2 2.5
Lane LOS C C A A
Approach Delay (s) 18.8 18.1 2.2 2.5
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 130 5 0 170 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 137 5 0 179 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 334 332 189 334 339 139 200 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 334 332 189 334 339 139 200 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 98 100 98 98 100 100 100
cM capacity (veh/h) 611 591 858 615 585 914 1384 1453

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 142 200
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 607 600 1384 1453
Volume to Capacity 0.10 0.04 0.00 0.00
Queue Length 95th (ft) 9 3 0 0
Control Delay (s) 11.6 11.2 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.6 11.2 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 22.1% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 5 360 20 5 10 130 280 5 190 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1844 1763 1634 1758
Flt Permitted 1.00 0.70 0.99 0.99
Satd. Flow (perm) 1844 1287 1624 1745
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 5 379 21 5 11 137 295 5 200 5
RTOR Reduction (vph) 0 3 0 0 1 0 0 76 0 0 1 0
Lane Group Flow (vph) 0 55 0 0 404 0 0 367 0 0 209 0
Heavy Vehicles (%) 0% 2% 0% 3% 0% 0% 0% 12% 3% 0% 8% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 30.8 30.8 49.2 49.2
Effective Green, g (s) 30.8 30.8 49.2 49.2
Actuated g/C Ratio 0.34 0.34 0.55 0.55
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 631 440 888 954
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.23 0.12
v/c Ratio 0.09 0.92 0.41 0.22
Uniform Delay, d1 20.1 28.4 12.0 10.5
Progression Factor 1.00 0.91 0.78 1.46
Incremental Delay, d2 0.1 17.9 1.3 0.5
Delay (s) 20.1 43.7 10.7 15.9
Level of Service C D B B
Approach Delay (s) 20.1 43.7 10.7 15.9
Approach LOS C D B B

Intersection Summary
HCM Average Control Delay 24.1 HCM Level of Service C
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 470 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1743 1803 1713
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1743 1556 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 495 158 84
RTOR Reduction (vph) 13 0 0 0 23 0
Lane Group Flow (vph) 471 0 0 590 219 0
Heavy Vehicles (%) 6% 2% 2% 5% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 63.6 63.6 16.4
Effective Green, g (s) 63.6 63.6 16.4
Actuated g/C Ratio 0.71 0.71 0.18
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1232 1100 312
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.38
v/c Ratio 0.38 0.54 0.70
Uniform Delay, d1 5.3 6.2 34.5
Progression Factor 1.00 0.37 1.00
Incremental Delay, d2 0.9 1.5 7.0
Delay (s) 6.2 3.7 41.5
Level of Service A A D
Approach Delay (s) 6.2 3.7 41.5
Approach LOS A A D

Intersection Summary
HCM Average Control Delay 11.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 110 0 740 10 110 0 0 420 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.88 1.00 0.96
Flt Protected 0.99 1.00 1.00
Satd. Flow (prot) 1346 1750 1428
Flt Permitted 0.99 0.95 1.00
Satd. Flow (perm) 1346 1667 1428
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 116 0 779 11 116 0 0 442 189
RTOR Reduction (vph) 0 0 0 0 227 0 0 0 0 0 24 0
Lane Group Flow (vph) 0 0 0 0 668 0 0 127 0 0 607 0
Heavy Vehicles (%) 0% 0% 0% 2% 0% 27% 20% 7% 0% 0% 37% 6%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 30.0 50.0 50.0
Effective Green, g (s) 30.0 50.0 50.0
Actuated g/C Ratio 0.33 0.56 0.56
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 449 926 793
v/s Ratio Prot c0.50 c0.43
v/s Ratio Perm 0.08
v/c Ratio 1.49 0.14 0.77
Uniform Delay, d1 30.0 9.6 15.5
Progression Factor 1.00 1.20 1.00
Incremental Delay, d2 230.8 0.3 7.0
Delay (s) 260.8 11.9 22.4
Level of Service F B C
Approach Delay (s) 0.0 260.8 11.9 22.4
Approach LOS A F B C

Intersection Summary
HCM Average Control Delay 150.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.04
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 93.2% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 0 5 0 0 0 0 30 40 390 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.99 0.92 1.00
Flt Protected 0.95 1.00 0.96
Satd. Flow (prot) 1660 1637 1418
Flt Permitted 0.95 1.00 0.74
Satd. Flow (perm) 1660 1637 1081
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 95 0 5 0 0 0 0 32 42 411 147 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 10 0 0 0 0
Lane Group Flow (vph) 0 97 0 0 0 0 0 64 0 0 558 0
Heavy Vehicles (%) 9% 0% 0% 0% 0% 0% 0% 10% 5% 39% 2% 0%
Turn Type Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 4
Actuated Green, G (s) 10.6 69.4 69.4
Effective Green, g (s) 10.6 69.4 69.4
Actuated g/C Ratio 0.12 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 196 1262 834
v/s Ratio Prot 0.04
v/s Ratio Perm 0.06 c0.52
v/c Ratio 0.50 0.05 0.67
Uniform Delay, d1 37.2 2.5 4.9
Progression Factor 1.00 1.00 1.51
Incremental Delay, d2 2.0 0.1 2.6
Delay (s) 39.2 2.5 9.9
Level of Service D A A
Approach Delay (s) 39.2 0.0 2.5 9.9
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 13.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 49.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 10 200 30 70 390 50 40 50 30 90 100 10
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Hourly flow rate (vph) 11 217 33 76 424 54 42 53 33 98 105 11

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 261 554 127 214
Volume Left (vph) 11 76 42 98
Volume Right (vph) 33 54 33 11
Hadj (s) 0.07 0.04 0.10 0.13
Departure Headway (s) 6.2 5.7 7.0 6.8
Degree Utilization, x 0.45 0.87 0.25 0.40
Capacity (veh/h) 543 554 462 496
Control Delay (s) 14.2 35.2 12.3 14.2
Approach Delay (s) 14.2 35.2 12.3 14.2
Approach LOS B E B B

Intersection Summary
Delay 24.1
HCM Level of Service C
Intersection Capacity Utilization 66.5% ICU Level of Service C
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 330 5 5 10 400 290 10 5 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 418 6 6 13 506 367 13 6 418 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1835 1826 421 2237 1823 373 424 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1835 1826 421 2237 1823 373 424 380
tC, single (s) 7.1 6.5 6.7 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.7 3.5 4.0 3.3 2.6 2.2
p0 queue free % 78 100 23 0 82 98 45 99
cM capacity (veh/h) 29 35 545 4 35 677 924 1190

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 424 25 886 430
Volume Left 6 6 506 6
Volume Right 418 13 13 6
cSH 430 14 924 1190
Volume to Capacity 0.99 1.77 0.55 0.01
Queue Length 95th (ft) 307 96 85 0
Control Delay (s) 71.6 908.5 11.8 0.2
Lane LOS F F B A
Approach Delay (s) 71.6 908.5 11.8 0.2
Approach LOS F F

Intersection Summary
Average Delay 36.2
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 300 340 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 405 459 81 41 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 541 932 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 541 932 500
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 99 86 98
cM capacity (veh/h) 1038 286 575

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 419 541 54
Volume Left 14 0 41
Volume Right 0 81 14
cSH 1038 1700 327
Volume to Capacity 0.01 0.32 0.17
Queue Length 95th (ft) 1 0 15
Control Delay (s) 0.4 0.0 18.2
Lane LOS A C
Approach Delay (s) 0.4 0.0 18.2
Approach LOS C

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 33.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Sign Control Stop Stop Stop Stop
Volume (vph) 20 170 0 10 210 130 5 10 5 140 5 20
Peak Hour Factor 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Hourly flow rate (vph) 30 258 0 15 318 197 8 15 8 212 8 30

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total (vph) 288 530 30 250
Volume Left (vph) 30 15 8 212
Volume Right (vph) 0 197 8 30
Hadj (s) 1.46 0.73 -0.10 0.26
Departure Headway (s) 7.4 6.3 7.4 6.9
Degree Utilization, x 0.59 0.93 0.06 0.48
Capacity (veh/h) 473 530 431 505
Control Delay (s) 20.7 47.4 10.8 16.0
Approach Delay (s) 20.7 47.4 10.8 16.0
Approach LOS C E B C

Intersection Summary
Delay 32.3
HCM Level of Service D
Intersection Capacity Utilization 43.6% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 5 220 20 5 180
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 40 10 440 40 10 360
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 50 965 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 50 965 45
tC, single (s) 5.0 6.4 7.1
tC, 2 stage (s)
tF (s) 3.0 3.5 4.1
p0 queue free % 61 94 56
cM capacity (veh/h) 1125 174 824

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 50 480 370
Volume Left 0 440 10
Volume Right 10 0 360
cSH 1700 1125 748
Volume to Capacity 0.03 0.39 0.49
Queue Length 95th (ft) 0 47 69
Control Delay (s) 0.0 9.7 14.4
Lane LOS A B
Approach Delay (s) 0.0 9.7 14.4
Approach LOS B

Intersection Summary
Average Delay 11.1
Intersection Capacity Utilization 38.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 170 220 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 340 440 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 350 190 180
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 350 190 180
tC, single (s) 4.1 7.3 6.2
tC, 2 stage (s)
tF (s) 2.2 4.3 3.3
p0 queue free % 100 30 99
cM capacity (veh/h) 1220 629 868

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 10 350 450
Volume Left 0 0 440
Volume Right 0 340 10
cSH 1220 1700 633
Volume to Capacity 0.00 0.21 0.71
Queue Length 95th (ft) 0 0 147
Control Delay (s) 0.0 0.0 23.4
Lane LOS C
Approach Delay (s) 0.0 0.0 23.4
Approach LOS C

Intersection Summary
Average Delay 13.0
Intersection Capacity Utilization 29.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (veh/h) 0 720 0 780 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 848 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 859 0 1636 853
vC1, stage 1 conf vol 853
vC2, stage 2 conf vol 783
vCu, unblocked vol 859 0 1636 853
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 791 0 318 362

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SW 1
Volume Total 0 783 859 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 318
Volume to Capacity 0.00 0.46 0.51 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.3
Lane LOS C
Approach Delay (s) 0.0 0.0 21.3
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 53.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1736 1845 1805 1583
Flt Permitted 1.00 0.24 1.00 0.95 1.00
Satd. Flow (perm) 1798 437 1845 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 9 0 0 0 0 0 0 0 0 0 616
Lane Group Flow (vph) 0 871 0 152 207 0 0 0 0 11 0 36
Heavy Vehicles (%) 0% 2% 2% 4% 3% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 63.9 75.0 75.0 5.0 5.0
Effective Green, g (s) 63.9 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.71 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1277 452 1538 100 88
v/s Ratio Prot c0.48 c0.02 0.11 0.01
v/s Ratio Perm 0.26 c0.02
v/c Ratio 0.68 0.34 0.13 0.11 0.41
Uniform Delay, d1 7.3 9.0 1.4 40.4 41.1
Progression Factor 0.81 1.57 1.10 1.00 1.00
Incremental Delay, d2 2.9 0.4 0.0 0.5 3.1
Delay (s) 8.9 14.6 1.6 40.9 44.2
Level of Service A B A D D
Approach Delay (s) 8.9 7.1 0.0 44.1
Approach LOS A A A D

Intersection Summary
HCM Average Control Delay 20.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 60 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1845 1815 1770 1538
Flt Permitted 0.48 1.00 1.00 0.95 1.00
Satd. Flow (perm) 902 1845 1815 1770 1538
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 65 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 60 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 5 0 0 0
Heavy Vehicles (%) 2% 3% 0% 0% 4% 0% 2% 0% 5% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 72.9 72.9 53.0 7.1 7.1
Effective Green, g (s) 72.9 72.9 53.0 7.1 7.1
Actuated g/C Ratio 0.81 0.81 0.59 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 874 1494 1069 140 121
v/s Ratio Prot c0.10 0.07 0.18
v/s Ratio Perm c0.40 c0.03 0.00
v/c Ratio 0.62 0.09 0.30 0.39 0.04
Uniform Delay, d1 3.1 1.7 9.3 39.4 38.3
Progression Factor 0.29 0.09 0.26 1.00 1.00
Incremental Delay, d2 1.0 0.1 0.1 1.8 0.1
Delay (s) 1.9 0.2 2.6 41.1 38.5
Level of Service A A A D D
Approach Delay (s) 1.6 2.6 39.7 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 5.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 300 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 326 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 516 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 516 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 520 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 332 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 601
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.2
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.2
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.8% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
1: 175th Street & Waverly Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 50 10 330 0 20 30 630 220 0 10 130 40
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.91 1.00 1.00 1.00 0.96
Flt Protected 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1770 1677 1819 1770 3539 1805 3407
Flt Permitted 0.72 1.00 1.00 0.64 1.00 0.61 1.00
Satd. Flow (perm) 1346 1677 1819 1190 3539 1154 3407
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 53 11 347 0 21 32 663 232 0 11 137 42
RTOR Reduction (vph) 0 309 0 0 29 0 0 0 0 0 20 0
Lane Group Flow (vph) 53 49 0 0 24 0 663 232 0 11 159 0
Heavy Vehicles (%) 2% 0% 2% 0% 0% 0% 2% 2% 0% 0% 2% 3%
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 2 6 3 8 7 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 9.8 9.8 9.8 70.2 61.9 51.1 47.8
Effective Green, g (s) 9.8 9.8 9.8 70.2 61.9 51.1 47.8
Actuated g/C Ratio 0.11 0.11 0.11 0.78 0.69 0.57 0.53
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 147 183 198 1040 2434 679 1809
v/s Ratio Prot 0.03 0.01 c0.12 0.07 0.00 0.05
v/s Ratio Perm c0.04 c0.37 0.01
v/c Ratio 0.36 0.27 0.12 0.64 0.10 0.02 0.09
Uniform Delay, d1 37.2 36.8 36.2 4.9 4.7 8.5 10.4
Progression Factor 1.00 1.00 1.00 0.58 0.76 1.00 1.00
Incremental Delay, d2 1.5 0.8 0.3 1.1 0.1 0.0 0.1
Delay (s) 38.7 37.6 36.5 4.0 3.6 8.5 10.5
Level of Service D D D A A A B
Approach Delay (s) 37.7 36.5 3.9 10.4
Approach LOS D D A B

Intersection Summary
HCM Average Control Delay 14.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 72.2% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
2: US 56 & Gardner Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 440 60 300 900 440 50 890 220 320 930 120
Ideal Flow (vphpl) 1900 2000 1900 1900 2000 1900 1900 2000 1900 1900 1900 1900
Total Lost time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1736 3519 1583 1770 3689 1583 1770 3725 1568 3400 3475
Flt Permitted 0.16 1.00 1.00 0.39 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 290 3519 1583 724 3689 1583 1770 3725 1568 3400 3475
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 137 463 63 316 947 463 53 937 232 337 979 126
RTOR Reduction (vph) 0 0 45 0 0 253 0 0 157 0 11 0
Lane Group Flow (vph) 137 463 18 316 947 210 53 937 75 337 1094 0
Heavy Vehicles (%) 4% 8% 2% 2% 3% 2% 2% 2% 3% 3% 2% 3%
Turn Type pm+pt Perm pm+pt Perm Prot Perm Prot
Protected Phases 5 2 1 6 3 8 7 4
Permitted Phases 2 2 6 6 8
Actuated Green, G (s) 31.8 25.2 25.2 33.8 26.2 26.2 3.9 29.2 29.2 11.3 36.6
Effective Green, g (s) 31.8 25.2 25.2 33.8 26.2 26.2 3.9 29.2 29.2 11.3 36.6
Actuated g/C Ratio 0.35 0.28 0.28 0.38 0.29 0.29 0.04 0.32 0.32 0.13 0.41
Clearance Time (s) 2.5 5.9 5.9 2.5 5.9 5.9 2.5 5.8 5.8 2.5 5.8
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 209 985 443 360 1074 461 77 1209 509 427 1413
v/s Ratio Prot 0.05 0.13 c0.07 c0.26 c0.03 c0.25 c0.10 0.31
v/s Ratio Perm 0.18 0.01 0.26 0.13 0.05
v/c Ratio 0.66 0.47 0.04 0.88 0.88 0.46 0.69 0.78 0.15 0.79 0.77
Uniform Delay, d1 22.4 26.9 23.6 24.3 30.4 26.1 42.5 27.4 21.6 38.2 23.1
Progression Factor 1.31 0.66 0.49 1.32 1.15 1.95 0.73 0.56 0.30 1.00 1.00
Incremental Delay, d2 7.1 1.6 0.2 15.7 7.7 2.3 14.0 1.9 0.1 9.4 2.7
Delay (s) 36.6 19.2 11.7 47.8 42.7 53.0 45.1 17.3 6.6 47.6 25.8
Level of Service D B B D D D D B A D C
Approach Delay (s) 22.1 46.4 16.5 30.9
Approach LOS C D B C

Intersection Summary
HCM Average Control Delay 31.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.8
Intersection Capacity Utilization 80.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
8: US-56 & I-35 SB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 2720 280 660 1250 0 0 0 0 170 0 1560
Ideal Flow (vphpl) 1900 1900 1900 1900 2000 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.95 1.00 0.88
Frt 0.99 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 3486 1736 3725 1770 2787
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 3486 395 3725 1770 2787
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 2863 295 695 1316 0 0 0 0 179 0 1642
RTOR Reduction (vph) 0 6 0 0 0 0 0 0 0 0 0 7
Lane Group Flow (vph) 0 3152 0 695 1316 0 0 0 0 179 0 1635
Heavy Vehicles (%) 0% 2% 3% 4% 2% 0% 0% 0% 0% 2% 0% 2%
Turn Type pm+pt custom custom
Protected Phases 2 1 6 4 5
Permitted Phases 6 4 4
Actuated Green, G (s) 69.0 44.5 44.5 10.0 60.5
Effective Green, g (s) 69.0 44.5 44.5 10.0 60.5
Actuated g/C Ratio 0.57 0.37 0.37 0.08 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2004 437 1381 148 1521
v/s Ratio Prot c0.90 c0.34 0.35 0.10 c0.45
v/s Ratio Perm c0.25 0.13
v/c Ratio 1.57 1.59 0.95 1.21 1.07
Uniform Delay, d1 25.5 34.4 36.7 55.0 29.8
Progression Factor 0.75 0.92 0.89 1.00 1.00
Incremental Delay, d2 257.9 273.0 10.9 141.2 46.0
Delay (s) 277.1 304.6 43.7 196.2 75.8
Level of Service F F D F E
Approach Delay (s) 277.1 133.8 0.0 87.6
Approach LOS F F A F

Intersection Summary
HCM Average Control Delay 186.5 HCM Level of Service F
HCM Volume to Capacity ratio 1.43
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 5.0
Intersection Capacity Utilization 141.8% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
9: US-56 & I-35 NB Ramps PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 1530 0 0 1810 580 100 0 400 0 0 0
Ideal Flow (vphpl) 1900 2000 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 0.95 1.00 1.00 0.95 0.95
Frt 1.00 1.00 0.85 1.00 0.85 0.85
Flt Protected 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3725 3539 1538 1671 1408 1408
Flt Permitted 1.00 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3725 3539 1538 1671 1408 1408
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 1611 0 0 1905 611 105 0 421 0 0 0
RTOR Reduction (vph) 0 0 0 0 0 83 0 0 0 0 0 0
Lane Group Flow (vph) 0 1611 0 0 1905 528 105 211 210 0 0 0
Heavy Vehicles (%) 0% 2% 0% 0% 2% 5% 8% 0% 9% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 2 6 8
Permitted Phases 6 8 8
Actuated Green, G (s) 86.2 86.2 86.2 23.8 23.8 23.8
Effective Green, g (s) 86.2 86.2 86.2 23.8 23.8 23.8
Actuated g/C Ratio 0.72 0.72 0.72 0.20 0.20 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 2676 2542 1105 331 279 279
v/s Ratio Prot 0.43 c0.54 c0.15
v/s Ratio Perm 0.34 0.06 0.15
v/c Ratio 0.60 0.75 0.48 0.32 0.76 0.75
Uniform Delay, d1 8.4 10.3 7.2 41.1 45.4 45.3
Progression Factor 0.39 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.1 1.2 0.3 0.6 11.1 10.9
Delay (s) 3.4 11.6 7.6 41.7 56.5 56.2
Level of Service A B A D E E
Approach Delay (s) 3.4 10.6 53.4 0.0
Approach LOS A B D A

Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
11: Waverly Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 150 20 310 110 40 60 130 0 30 200 630
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 0.95 1.00 0.97 0.95 1.00 0.95 1.00 0.95 1.00
Frt 1.00 0.85 1.00 0.96 1.00 1.00 1.00 1.00 0.85
Flt Protected 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3539 1615 3400 3372 1770 3167 1752 3343 1583
Flt Permitted 1.00 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3539 1615 3400 3372 1770 3167 1752 3343 1583
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 158 21 326 116 42 63 137 0 32 211 663
RTOR Reduction (vph) 0 0 19 0 29 0 0 0 0 0 0 374
Lane Group Flow (vph) 0 158 2 326 129 0 63 137 0 32 211 289
Heavy Vehicles (%) 0% 2% 0% 3% 2% 5% 2% 14% 0% 3% 8% 2%
Turn Type Prot Perm Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 5 2 1 6
Permitted Phases 8 2 2 6
Actuated Green, G (s) 9.4 9.4 13.9 28.3 7.5 41.8 4.9 39.2 39.2
Effective Green, g (s) 9.4 9.4 13.9 28.3 7.5 41.8 4.9 39.2 39.2
Actuated g/C Ratio 0.10 0.10 0.15 0.31 0.08 0.46 0.05 0.44 0.44
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 370 169 525 1060 148 1471 95 1456 689
v/s Ratio Prot c0.04 c0.10 0.04 c0.04 c0.04 0.02 0.06
v/s Ratio Perm 0.00 c0.18
v/c Ratio 0.43 0.01 0.62 0.12 0.43 0.09 0.34 0.14 0.42
Uniform Delay, d1 37.8 36.1 35.6 22.0 39.2 13.5 41.0 15.3 17.5
Progression Factor 1.01 1.01 0.91 0.81 1.00 1.00 1.46 0.30 2.88
Incremental Delay, d2 0.8 0.0 2.2 0.1 2.0 0.1 1.1 0.1 1.0
Delay (s) 38.9 36.4 34.5 17.9 41.2 13.6 60.9 4.6 51.5
Level of Service D D C B D B E A D
Approach Delay (s) 38.6 29.1 22.3 40.9
Approach LOS D C C D

Intersection Summary
HCM Average Control Delay 35.3 HCM Level of Service D
HCM Volume to Capacity ratio 0.50
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 25.0
Intersection Capacity Utilization 59.0% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
13: 183rd Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 40 20 5 20 50 5 0 170 30 5 210 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 42 21 5 21 53 5 0 179 32 5 221 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 468 453 232 453 447 195 242 211
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 468 453 232 453 447 195 242 211
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 96 99 96 90 99 100 100
cM capacity (veh/h) 459 504 813 499 504 852 1336 1372

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 68 79 211 247
Volume Left 42 21 0 5
Volume Right 5 5 32 21
cSH 489 517 1336 1372
Volume to Capacity 0.14 0.15 0.00 0.00
Queue Length 95th (ft) 12 13 0 0
Control Delay (s) 13.6 13.2 0.0 0.2
Lane LOS B B A
Approach Delay (s) 13.6 13.2 0.0 0.2
Approach LOS B B

Intersection Summary
Average Delay 3.3
Intersection Capacity Utilization 30.4% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
16: Four Corners Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement NBL NBT NBR SBL SBT SBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 5 130 60 0 120 20 50 140 5 70 170 0
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 5 137 63 0 126 21 53 147 5 74 179 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 666 582 150 713 584 179 179 153
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 666 582 150 713 584 179 179 153
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 98 65 93 100 67 98 96 95
cM capacity (veh/h) 257 388 896 221 386 869 1397 1434

Direction, Lane # NB 1 SB 1 NE 1 SW 1
Volume Total 205 147 205 253
Volume Left 5 0 53 74
Volume Right 63 21 5 0
cSH 462 420 1397 1434
Volume to Capacity 0.44 0.35 0.04 0.05
Queue Length 95th (ft) 56 39 3 4
Control Delay (s) 18.8 18.1 2.2 2.5
Lane LOS C C A A
Approach Delay (s) 18.8 18.1 2.2 2.5
Approach LOS C C

Intersection Summary
Average Delay 9.4
Intersection Capacity Utilization 39.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
17: 191st Street & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (veh/h) 50 10 0 10 10 0 0 130 5 0 170 20
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Hourly flow rate (vph) 53 11 0 11 11 0 0 137 5 0 179 21
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 334 332 189 334 339 139 200 142
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 334 332 189 334 339 139 200 142
tC, single (s) 7.1 6.5 6.2 7.1 6.5 6.2 4.1 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.3 3.5 4.0 3.3 2.2 2.2
p0 queue free % 91 98 100 98 98 100 100 100
cM capacity (veh/h) 611 591 858 615 585 914 1384 1453

Direction, Lane # EB 1 WB 1 NE 1 SW 1
Volume Total 63 21 142 200
Volume Left 53 11 0 0
Volume Right 0 0 5 21
cSH 607 600 1384 1453
Volume to Capacity 0.10 0.04 0.00 0.00
Queue Length 95th (ft) 9 3 0 0
Control Delay (s) 11.6 11.2 0.0 0.0
Lane LOS B B
Approach Delay (s) 11.6 11.2 0.0 0.0
Approach LOS B B

Intersection Summary
Average Delay 2.3
Intersection Capacity Utilization 22.1% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
24: Sunflower Road & US 56 PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement SEL SET SER NWL NWT NWR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 50 5 360 20 5 10 130 280 5 190 5
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.91 1.00
Flt Protected 1.00 0.96 1.00 1.00
Satd. Flow (prot) 1844 1763 1634 1758
Flt Permitted 1.00 0.70 0.99 0.99
Satd. Flow (perm) 1844 1287 1624 1745
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 53 5 379 21 5 11 137 295 5 200 5
RTOR Reduction (vph) 0 3 0 0 1 0 0 70 0 0 1 0
Lane Group Flow (vph) 0 55 0 0 404 0 0 373 0 0 209 0
Heavy Vehicles (%) 0% 2% 0% 3% 0% 0% 0% 12% 3% 0% 8% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 32.4 32.4 42.6 42.6
Effective Green, g (s) 32.4 32.4 42.6 42.6
Actuated g/C Ratio 0.38 0.38 0.50 0.50
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 703 491 814 875
v/s Ratio Prot 0.03
v/s Ratio Perm c0.31 c0.23 0.12
v/c Ratio 0.08 0.82 0.46 0.24
Uniform Delay, d1 16.8 23.7 13.7 12.0
Progression Factor 1.00 1.00 1.17 1.00
Incremental Delay, d2 0.0 10.7 1.7 0.6
Delay (s) 16.8 34.5 17.8 12.7
Level of Service B C B B
Approach Delay (s) 16.8 34.5 17.8 12.7
Approach LOS B C B B

Intersection Summary
HCM Average Control Delay 22.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 65.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
25: US 56 & 4th Street PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (vph) 330 130 90 470 150 80
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00
Frt 0.96 1.00 0.95
Flt Protected 1.00 0.99 0.97
Satd. Flow (prot) 1743 1803 1713
Flt Permitted 1.00 0.86 0.97
Satd. Flow (perm) 1743 1558 1713
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 347 137 95 495 158 84
RTOR Reduction (vph) 14 0 0 0 24 0
Lane Group Flow (vph) 470 0 0 590 218 0
Heavy Vehicles (%) 6% 2% 2% 5% 2% 3%
Turn Type Perm
Protected Phases 4 8 2
Permitted Phases 8
Actuated Green, G (s) 59.6 59.6 15.4
Effective Green, g (s) 59.6 59.6 15.4
Actuated g/C Ratio 0.70 0.70 0.18
Clearance Time (s) 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 1222 1092 310
v/s Ratio Prot 0.27 c0.13
v/s Ratio Perm c0.38
v/c Ratio 0.38 0.54 0.70
Uniform Delay, d1 5.2 6.1 32.7
Progression Factor 0.64 1.78 1.00
Incremental Delay, d2 0.9 1.7 7.1
Delay (s) 4.2 12.5 39.7
Level of Service A B D
Approach Delay (s) 4.2 12.5 39.7
Approach LOS A B D

Intersection Summary
HCM Average Control Delay 14.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 80.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
28: I-35 SB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 110 0 740 10 110 0 0 420 180
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.85 1.00 0.96
Flt Protected 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1770 1272 1750 1428
Flt Permitted 0.95 1.00 0.95 1.00
Satd. Flow (perm) 1770 1272 1672 1428
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 0 0 0 116 0 779 11 116 0 0 442 189
RTOR Reduction (vph) 0 0 0 0 629 0 0 0 0 0 10 0
Lane Group Flow (vph) 0 0 0 116 150 0 0 127 0 0 621 0
Heavy Vehicles (%) 0% 0% 0% 2% 0% 27% 20% 7% 0% 0% 37% 6%
Turn Type custom Perm
Protected Phases 6 6 8 4
Permitted Phases 6 8
Actuated Green, G (s) 17.3 17.3 62.7 62.7
Effective Green, g (s) 17.3 17.3 62.7 62.7
Actuated g/C Ratio 0.19 0.19 0.70 0.70
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 340 245 1165 995
v/s Ratio Prot 0.07 c0.12 c0.44
v/s Ratio Perm 0.08
v/c Ratio 0.34 0.61 0.11 0.62
Uniform Delay, d1 31.4 33.3 4.5 7.3
Progression Factor 1.00 1.00 1.85 1.00
Incremental Delay, d2 0.6 4.5 0.2 3.0
Delay (s) 32.0 37.7 8.5 10.3
Level of Service C D A B
Approach Delay (s) 0.0 37.0 8.5 10.3
Approach LOS A D A B

Intersection Summary
HCM Average Control Delay 24.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.62
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 87.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
29: I-35 NB Ramps & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 90 0 5 0 0 0 0 30 40 390 140 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 0.99 1.00 0.85 1.00
Flt Protected 0.95 1.00 1.00 0.96
Satd. Flow (prot) 1660 1727 1538 1418
Flt Permitted 0.95 1.00 1.00 0.76
Satd. Flow (perm) 1660 1727 1538 1121
Peak-hour factor, PHF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Adj. Flow (vph) 95 0 5 0 0 0 0 32 42 411 147 0
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 10 0 0 0
Lane Group Flow (vph) 0 97 0 0 0 0 0 32 32 0 558 0
Heavy Vehicles (%) 9% 0% 0% 0% 0% 0% 0% 10% 5% 39% 2% 0%
Turn Type Perm Perm Perm
Protected Phases 2 8 4
Permitted Phases 2 8 4
Actuated Green, G (s) 10.6 69.4 69.4 69.4
Effective Green, g (s) 10.6 69.4 69.4 69.4
Actuated g/C Ratio 0.12 0.77 0.77 0.77
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 196 1332 1186 864
v/s Ratio Prot 0.02
v/s Ratio Perm 0.06 0.02 c0.50
v/c Ratio 0.50 0.02 0.03 0.65
Uniform Delay, d1 37.2 2.4 2.4 4.7
Progression Factor 1.00 1.00 1.00 0.73
Incremental Delay, d2 2.0 0.0 0.0 3.2
Delay (s) 39.2 2.4 2.5 6.6
Level of Service D A A A
Approach Delay (s) 39.2 0.0 2.4 6.6
Approach LOS D A A A

Intersection Summary
HCM Average Control Delay 10.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.63
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 50.1% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
31: US 56 & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 10 200 30 70 390 50 40 50 30 90 100 10
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 0.98 1.00 0.98 0.97 0.99
Flt Protected 0.95 1.00 0.95 1.00 0.98 0.98
Satd. Flow (prot) 1805 1719 1597 1815 1627 1777
Flt Permitted 0.45 1.00 0.60 1.00 0.83 0.79
Satd. Flow (perm) 852 1719 1016 1815 1368 1427
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.92 0.92 0.95 0.95
Adj. Flow (vph) 11 217 33 76 424 54 42 53 33 98 105 11
RTOR Reduction (vph) 0 5 0 0 4 0 0 17 0 0 2 0
Lane Group Flow (vph) 11 245 0 76 474 0 0 111 0 0 212 0
Heavy Vehicles (%) 0% 7% 17% 13% 3% 2% 10% 6% 20% 4% 4% 0%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 57.6 57.6 57.6 57.6 17.4 17.4
Effective Green, g (s) 57.6 57.6 57.6 57.6 17.4 17.4
Actuated g/C Ratio 0.68 0.68 0.68 0.68 0.20 0.20
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 577 1165 688 1230 280 292
v/s Ratio Prot 0.14 c0.26
v/s Ratio Perm 0.01 0.07 0.08 c0.15
v/c Ratio 0.02 0.21 0.11 0.39 0.39 0.72
Uniform Delay, d1 4.5 5.2 4.8 6.0 29.2 31.6
Progression Factor 1.00 1.00 1.03 1.36 1.00 1.00
Incremental Delay, d2 0.1 0.4 0.3 0.8 0.9 8.6
Delay (s) 4.5 5.6 5.2 8.9 30.2 40.2
Level of Service A A A A C D
Approach Delay (s) 5.5 8.4 30.2 40.2
Approach LOS A A C D

Intersection Summary
HCM Average Control Delay 16.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.46
Actuated Cycle Length (s) 85.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 55.6% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
32: 207th & Sunflower Road PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 5 0 330 5 5 10 400 290 10 5 330 5
Sign Control Stop Stop Free Free
Grade 0% 0% 0% 0%
Peak Hour Factor 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Hourly flow rate (vph) 6 0 418 6 6 13 506 367 13 6 418 6
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 1835 1826 421 2237 1823 373 424 380
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 1835 1826 421 2237 1823 373 424 380
tC, single (s) 7.1 6.5 6.7 7.1 6.5 6.2 4.6 4.1
tC, 2 stage (s)
tF (s) 3.5 4.0 3.7 3.5 4.0 3.3 2.6 2.2
p0 queue free % 78 100 23 0 82 98 45 99
cM capacity (veh/h) 29 35 545 4 35 677 924 1190

Direction, Lane # EB 1 WB 1 NB 1 SB 1
Volume Total 424 25 886 430
Volume Left 6 6 506 6
Volume Right 418 13 13 6
cSH 430 14 924 1190
Volume to Capacity 0.99 1.77 0.55 0.01
Queue Length 95th (ft) 307 96 85 0
Control Delay (s) 71.6 908.5 11.8 0.2
Lane LOS F F B A
Approach Delay (s) 71.6 908.5 11.8 0.2
Approach LOS F F

Intersection Summary
Average Delay 36.2
Intersection Capacity Utilization 86.9% ICU Level of Service E
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
33: 207th & COOP Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 10 300 340 60 30 10
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.74 0.74 0.74 0.74 0.74 0.74
Hourly flow rate (vph) 14 405 459 81 41 14
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 541 932 500
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 541 932 500
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 99 86 98
cM capacity (veh/h) 1038 286 575

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 419 541 54
Volume Left 14 0 41
Volume Right 0 81 14
cSH 1038 1700 327
Volume to Capacity 0.01 0.32 0.17
Queue Length 95th (ft) 1 0 15
Control Delay (s) 0.4 0.0 18.2
Lane LOS A C
Approach Delay (s) 0.4 0.0 18.2
Approach LOS C

Intersection Summary
Average Delay 1.1
Intersection Capacity Utilization 33.9% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
34: 207th & Edgerton Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 20 170 0 10 210 130 5 10 5 140 5 20
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.95 0.97 0.98
Flt Protected 0.99 1.00 0.99 0.96
Satd. Flow (prot) 1022 1156 1810 1638
Flt Permitted 0.93 0.99 0.91 0.74
Satd. Flow (perm) 953 1144 1665 1258
Peak-hour factor, PHF 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
Adj. Flow (vph) 30 258 0 15 318 197 8 15 8 212 8 30
RTOR Reduction (vph) 0 0 0 0 36 0 0 6 0 0 7 0
Lane Group Flow (vph) 0 288 0 0 494 0 0 25 0 0 243 0
Heavy Vehicles (%) 50% 89% 0% 0% 92% 2% 0% 0% 0% 2% 0% 65%
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.7 26.7 14.4 14.4
Effective Green, g (s) 26.7 26.7 14.4 14.4
Actuated g/C Ratio 0.52 0.52 0.28 0.28
Clearance Time (s) 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 498 598 469 355
v/s Ratio Prot
v/s Ratio Perm 0.30 c0.43 0.02 c0.19
v/c Ratio 0.58 0.83 0.05 0.68
Uniform Delay, d1 8.3 10.2 13.4 16.3
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.6 9.1 0.0 5.4
Delay (s) 10.0 19.3 13.4 21.7
Level of Service A B B C
Approach Delay (s) 10.0 19.3 13.4 21.7
Approach LOS A B B C

Intersection Summary
HCM Average Control Delay 17.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 51.1 Sum of lost time (s) 10.0
Intersection Capacity Utilization 45.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
35: 207th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 20 5 220 20 5 180
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 40 10 440 40 10 360
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 50 965 45
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 50 965 45
tC, single (s) 5.0 6.4 7.1
tC, 2 stage (s)
tF (s) 3.0 3.5 4.1
p0 queue free % 61 94 56
cM capacity (veh/h) 1125 174 824

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 50 480 370
Volume Left 0 440 10
Volume Right 10 0 360
cSH 1700 1125 748
Volume to Capacity 0.03 0.39 0.49
Queue Length 95th (ft) 0 47 69
Control Delay (s) 0.0 9.7 14.4
Lane LOS A B
Approach Delay (s) 0.0 9.7 14.4
Approach LOS B

Intersection Summary
Average Delay 11.1
Intersection Capacity Utilization 38.0% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
36: 215th & Evening Star Rd PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Volume (veh/h) 0 5 5 170 220 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.50 0.50 0.50 0.50 0.50 0.50
Hourly flow rate (vph) 0 10 10 340 440 10
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 350 20 10
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 350 20 10
tC, single (s) 4.1 7.3 6.2
tC, 2 stage (s)
tF (s) 2.2 4.3 3.3
p0 queue free % 100 45 99
cM capacity (veh/h) 1220 805 1077

Direction, Lane # EB 1 WB 1 WB 2 SB 1
Volume Total 10 10 340 450
Volume Left 0 0 0 440
Volume Right 0 0 340 10
cSH 1220 1700 1700 809
Volume to Capacity 0.00 0.01 0.20 0.56
Queue Length 95th (ft) 0 0 0 87
Control Delay (s) 0.0 0.0 0.0 14.9
Lane LOS B
Approach Delay (s) 0.0 0.0 14.9
Approach LOS B

Intersection Summary
Average Delay 8.3
Intersection Capacity Utilization 22.5% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
37: 199th Street & West Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT WBU WBT WBR SWL SWR
Lane Configurations
Volume (veh/h) 0 720 0 780 10 90 0
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 0 783 0 848 11 98 0
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type TWLTL TWLTL
Median storage veh) 2 2
Upstream signal (ft) 802
pX, platoon unblocked 0.00
vC, conflicting volume 859 0 1636 853
vC1, stage 1 conf vol 853
vC2, stage 2 conf vol 783
vCu, unblocked vol 859 0 1636 853
tC, single (s) 4.1 0.0 6.4 6.2
tC, 2 stage (s) 5.4
tF (s) 2.2 0.0 3.5 3.3
p0 queue free % 100 0 69 100
cM capacity (veh/h) 791 0 318 362

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SW 1
Volume Total 0 783 859 0 98
Volume Left 0 0 0 0 98
Volume Right 0 0 11 0 0
cSH 1700 1700 1700 1700 318
Volume to Capacity 0.00 0.46 0.51 0.00 0.31
Queue Length 95th (ft) 0 0 0 0 32
Control Delay (s) 0.0 0.0 0.0 0.0 21.3
Lane LOS C
Approach Delay (s) 0.0 0.0 21.3
Approach LOS C

Intersection Summary
Average Delay 1.2
Intersection Capacity Utilization 53.3% ICU Level of Service A
Analysis Period (min) 15

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
38: 199th Street & IH-35 SB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NEL NET NER SWL SWT SWR
Lane Configurations
Volume (vph) 0 600 210 140 190 0 0 0 0 10 0 600
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 0.97 1.00 1.00 1.00 0.85
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1798 1736 1845 1805 1583
Flt Permitted 1.00 0.24 1.00 0.95 1.00
Satd. Flow (perm) 1798 437 1845 1805 1583
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 652 228 152 207 0 0 0 0 11 0 652
RTOR Reduction (vph) 0 9 0 0 0 0 0 0 0 0 0 616
Lane Group Flow (vph) 0 871 0 152 207 0 0 0 0 11 0 36
Heavy Vehicles (%) 0% 2% 2% 4% 3% 0% 0% 0% 0% 0% 0% 2%
Turn Type pm+pt Prot custom
Protected Phases 4 3 8 6
Permitted Phases 8 6
Actuated Green, G (s) 63.9 75.0 75.0 5.0 5.0
Effective Green, g (s) 63.9 75.0 75.0 5.0 5.0
Actuated g/C Ratio 0.71 0.83 0.83 0.06 0.06
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1277 452 1538 100 88
v/s Ratio Prot c0.48 c0.02 0.11 0.01
v/s Ratio Perm 0.26 c0.02
v/c Ratio 0.68 0.34 0.13 0.11 0.41
Uniform Delay, d1 7.3 9.0 1.4 40.4 41.1
Progression Factor 1.00 1.57 1.10 1.00 1.00
Incremental Delay, d2 3.0 0.4 0.0 0.5 3.1
Delay (s) 10.3 14.6 1.6 40.9 44.2
Level of Service B B A D D
Approach Delay (s) 10.3 7.1 0.0 44.1
Approach LOS B A A D

Intersection Summary
HCM Average Control Delay 21.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.60
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
39: 199th Street & IH-35 NB Ramp PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 500 120 0 0 280 20 50 0 60 0 0 0
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 5.0 5.0 5.0 5.0 5.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1845 1815 1770 1538
Flt Permitted 0.48 1.00 1.00 0.95 1.00
Satd. Flow (perm) 902 1845 1815 1770 1538
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 543 130 0 0 304 22 54 0 65 0 0 0
RTOR Reduction (vph) 0 0 0 0 2 0 0 0 60 0 0 0
Lane Group Flow (vph) 543 130 0 0 324 0 54 0 5 0 0 0
Heavy Vehicles (%) 2% 3% 0% 0% 4% 0% 2% 0% 5% 0% 0% 0%
Turn Type pm+pt custom custom
Protected Phases 7 4 8
Permitted Phases 4 2 2
Actuated Green, G (s) 72.9 72.9 53.0 7.1 7.1
Effective Green, g (s) 72.9 72.9 53.0 7.1 7.1
Actuated g/C Ratio 0.81 0.81 0.59 0.08 0.08
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 874 1494 1069 140 121
v/s Ratio Prot c0.10 0.07 0.18
v/s Ratio Perm c0.40 c0.03 0.00
v/c Ratio 0.62 0.09 0.30 0.39 0.04
Uniform Delay, d1 3.1 1.7 9.3 39.4 38.3
Progression Factor 0.35 0.09 0.26 1.00 1.00
Incremental Delay, d2 1.0 0.1 0.1 1.8 0.1
Delay (s) 2.1 0.2 2.6 41.1 38.5
Level of Service A A A D D
Approach Delay (s) 1.8 2.6 39.7 0.0
Approach LOS A A D A

Intersection Summary
HCM Average Control Delay 6.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 10.0
Intersection Capacity Utilization 67.9% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group

BNSF NEPA Traffic Study 2030 Wellsville Alternative Action - (Improved+Mitigated)
40: 199th Street & East Waverley PM Peak Hour

HDR Engineering, Inc. 4/30/2008

Movement EBT EBR WBL WBT NBL NBR
Lane Configurations
Volume (veh/h) 160 10 5 300 10 5
Sign Control Free Free Stop
Grade 0% 0% 0%
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Hourly flow rate (vph) 174 11 5 326 11 5
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None None
Median storage veh)
Upstream signal (ft) 820
pX, platoon unblocked
vC, conflicting volume 185 516 179
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 185 516 179
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 100 98 99
cM capacity (veh/h) 1402 520 869

Direction, Lane # EB 1 WB 1 NB 1
Volume Total 185 332 16
Volume Left 0 5 11
Volume Right 11 0 5
cSH 1700 1402 601
Volume to Capacity 0.11 0.00 0.03
Queue Length 95th (ft) 0 0 2
Control Delay (s) 0.0 0.2 11.2
Lane LOS A B
Approach Delay (s) 0.0 0.2 11.2
Approach LOS B

Intersection Summary
Average Delay 0.4
Intersection Capacity Utilization 29.8% ICU Level of Service A
Analysis Period (min) 15

2030 Wellsville North Alternative - (Improved + Mitigated) - PM Peak Hour - Synchro Intersection LOS



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1185           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     329            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               688            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               688            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1450           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     403            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               838            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               838            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1950           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     542            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1116           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1116           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.9           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3260           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     906            v                   
Trucks and buses                            4              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.980                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1847           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1847           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              67.3           mi/h                
Number of lanes, N                          2                                  
Density, D                                  27.4           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1490           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     414            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               865            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               865            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  12.4           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   580            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     161            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               351            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               351            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.0            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   530            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     147            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               321            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               321            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.6            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   495            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     138            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               301            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               301            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   695            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     193            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               427            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               427            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.1            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   780            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     217            v                   
Trucks and buses                            19             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.913                              
Driver population factor, fp                1.00                               
Flow rate, vp                               475            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               475            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  6.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   970            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     269            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               582            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               582            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  8.3            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1850           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     514            v                   
Trucks and buses                            10             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.952                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1079           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1079           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  15.4           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3090           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     858            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1777           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1777           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              68.1           mi/h                
Number of lanes, N                          2                                  
Density, D                                  26.1           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2080           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     578            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1208           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1208           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  17.3           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
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                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/20/2008 1:45:04 PM                                   
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1630           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     453            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               955            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               955            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  13.6           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:25:01 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     383            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               817            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               817            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.
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                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1185           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1185        15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                329         4                     v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1376        18                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1376   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1376          4800            No
      Fi   F
     v  = v - v            1358          4800            No
      FO   F   R
     v                     18            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1376          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.9     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1170           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1170        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                325         78                    v
Trucks and buses                       9           1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1359        316                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1359   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1675          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1359          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.286
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1450           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              90             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1450        90                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                403         25                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1676        103                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1676   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1676          4800            No                    
      Fi   F                                                                   
     v  = v - v            1573          4800            No                    
      FO   F   R                                                               
     v                     103           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1676          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.437                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1360           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              590            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1360        590                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                378         164                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1572        675                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1572   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2247          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1572          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.7    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
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                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1950           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              240            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1950        240                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                542         67                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2232        295                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2232   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2232          4800            No                    
      Fi   F                                                                   
     v  = v - v            1937          4800            No                    
      FO   F   R                                                               
     v                     295           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2232          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.2    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.455                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3129           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              131            vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3129        131                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                869         36                    v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3581        150                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  3581   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3731          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3581          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.414                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.4    mph                  
_______________________________________________________________________________
                                                                               

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1710           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1419           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1710        1419                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                475         394                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1957        1624                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1957   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     3581          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1957          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.426                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1490           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              970            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1490        970                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                414         269                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1730        1126                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1730   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1730          4800            No                    
      Fi   F                                                                   
     v  = v - v            604           4800            No                    
      FO   F   R                                                               
     v                     1126          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1730          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.9    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.399                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.8    mph                  
_______________________________________________________________________________

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           520            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              60             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        520         60                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                144         17                    v     
Trucks and buses                       9           17                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.797                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          604         84                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  604    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     688           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                604           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.8     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.273                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           580            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              100            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        580         100                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                161         28                    v     
Trucks and buses                       18          13                    %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.837                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          702         133                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  702    pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                702           4800            No                    
      Fi   F                                                                   
     v  = v - v            569           4800            No                    
      FO   F   R                                                               
     v                     133           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                702           4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.1     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.440                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           480            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              50             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        480         50                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                133         14                    v     
Trucks and buses                       18          4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          581         59                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  581    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     640           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                581           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.4     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.272                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           530            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        530         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                147         14                    v
Trucks and buses                       18          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          642         59                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  642    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                642           4800            No
      Fi   F
     v  = v - v            583           4800            No
      FO   F   R
     v                     59            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                642           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   2.6     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.433
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         4                     v
Trucks and buses                       18          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          581         17                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  581    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     598           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                581           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.1     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2010 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           695            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        695         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                193         4                     v
Trucks and buses                       20          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          849         17                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  849    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                849           4800            No
      Fi   F
     v  = v - v            832           4800            No
      FO   F   R
     v                     17            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                849           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.4     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           680            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        680         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                189         28                    v
Trucks and buses                       20          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.909       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          831         118                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  831    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     949           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                831           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   7.8     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.275
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           780            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        780         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                217         17                    v
Trucks and buses                       18          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          945         74                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  945    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                945           4800            No
      Fi   F
     v  = v - v            871           4800            No
      FO   F   R
     v                     74            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                945           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.435
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           720            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              250            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        720         250                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                200         69                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          872         303                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  872    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1175          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                872           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.5     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.278
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           970            vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              120            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        970         120                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                269         33                    v     
Trucks and buses                       16          8                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.893                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1164        149                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1164   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1164          4800            No                    
      Fi   F                                                                   
     v  = v - v            1015          4800            No                    
      FO   F   R                                                               
     v                     149           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1164          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   7.1     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.441                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.6    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1826           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              24             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1826        24                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                507         7                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2191        28                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2191   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2219          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2191          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.287                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.0    mph                  
_______________________________________________________________________________
                                                                               

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           850            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              976            vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        850         976                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                236         271                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1020        1133                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1020   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2153          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1020          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   18.6    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.320                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3090           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1320           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3090        1320                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                858         367                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          3553        1511                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  3553   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                3553          4800            No                    
      Fi   F                                                                   
     v  = v - v            2042          4800            No                    
      FO   F   R                                                               
     v                     1511          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                3553          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   27.6    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.434                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.8    mph                  
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1770           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              310            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1770        310                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                492         86                    v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2035        360                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2035   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2395          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2035          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.308                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.4    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2080           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              540            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2080        540                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                578         150                   v     
Trucks and buses                       9           4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2415        636                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2415   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2415          4800            No                    
      Fi   F                                                                   
     v  = v - v            1779          4800            No                    
      FO   F   R                                                               
     v                     636           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2415          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.485                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.4    mph                  
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/20/2008 1:45:04 PM                                   
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2010                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1540           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              90             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1540        90                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                428         25                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1788        109                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1788   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1897          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1788          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.291                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.9    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.9    mph                  
_______________________________________________________________________________
                                                                               

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         78                    v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1911        316                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1911   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1911          4800            No
      Fi   F
     v  = v - v            1595          4800            No
      FO   F   R
     v                     316           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1911          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:25:01 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              30             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        30                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         8                     v
Trucks and buses                       11          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1583        37                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1583   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1620          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1583          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1205           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     335            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               700            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               700            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.0           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               925            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               925            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2070           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     575            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1208           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1208           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  17.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     939            v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1934           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1934           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.0           mi/h
Number of lanes, N                          2
Density, D                                  29.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               920            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               920            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   670            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     186            v
Trucks and buses                            23             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.897
Driver population factor, fp                1.00
Flow rate, vp                               415            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               415            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   620            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     172            v
Trucks and buses                            24             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.893
Driver population factor, fp                1.00
Flow rate, vp                               386            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               386            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.5            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   495            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     138            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               301            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               301            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   685            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     190            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               421            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               421            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.0            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   850            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     236            v
Trucks and buses                            25             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.889
Driver population factor, fp                1.00
Flow rate, vp                               531            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               531            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  7.6            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1040           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     289            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               641            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               641            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.2            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     533            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1136           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1136           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3180           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     883            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1846           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1846           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.3           mi/h
Number of lanes, N                          2
Density, D                                  27.4           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2170           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     603            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1284           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1284           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  18.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1720           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     478            v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               1027           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1027           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  14.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1385           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     385            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               816            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               816            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1205           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1205        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                335         7                     v
Trucks and buses                       9           12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1399        33                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1399   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1399          4800            No
      Fi   F
     v  = v - v            1366          4800            No
      FO   F   R
     v                     33            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1399          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.1     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1180           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              390            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1180        390                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                328         108                   v
Trucks and buses                       9           20                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.769
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1370        563                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1370   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1933          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1370          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         25                    v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1849        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1849   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1849          4800            No
      Fi   F
     v  = v - v            1746          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1849          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1480           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              590            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1480        590                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                411         164                   v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1743        675                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1743   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2418          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1743          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.309
                                              S
Space mean speed in ramp influence area,     S  = 61.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2070           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              240            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2070        240                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                575         67                    v
Trucks and buses                       10          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2415        299                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2415   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2415          4800            No
      Fi   F
     v  = v - v            2116          4800            No
      FO   F   R
     v                     299           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2415          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3250        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                903         36                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        149                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3792   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3941          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3792          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.4    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1830           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1420           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1830        1420                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                508         394                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2135        1625                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3760          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.453
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              970            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        970                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         269                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1840        1126                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1840   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1840          4800            No
      Fi   F
     v  = v - v            714           4800            No
      FO   F   R
     v                     1126          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1840          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.399
                                              S
Space mean speed in ramp influence area,     S  = 58.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.8    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           600            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        600         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                167         19                    v
Trucks and buses                       11          17                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.797
Driver population factor, fP           1.00        1.00
Flow rate, vp                          703         98                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  703    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     801           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                703           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.7     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         28                    v
Trucks and buses                       23          13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          830         133                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  830    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                830           4800            No
      Fi   F
     v  = v - v            697           4800            No
      FO   F   R
     v                     133           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                830           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.440
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           570            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        570         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                158         14                    v
Trucks and buses                       23          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          706         59                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  706    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     765           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                706           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.4     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           620            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              140            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        620         140                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                172         39                    v
Trucks and buses                       24          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          772         156                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  772    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                772           4800            No
      Fi   F
     v  = v - v            616           4800            No
      FO   F   R
     v                     156           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                772           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.7     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         4                     v
Trucks and buses                       24          13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          597         20                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  597    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     617           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                597           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           685            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        685         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                190         4                     v
Trucks and buses                       21          20                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.769
Driver population factor, fP           1.00        1.00
Flow rate, vp                          841         22                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  841    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                841           4800            No
      Fi   F
     v  = v - v            819           4800            No
      FO   F   R
     v                     22            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                841           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         50                    v
Trucks and buses                       21          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          823         200                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  823    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1023          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                823           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   8.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.276
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           850            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        850         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                236         17                    v
Trucks and buses                       25          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.889       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1063        74                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1063   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1063          4800            No
      Fi   F
     v  = v - v            989           4800            No
      FO   F   R
     v                     74            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1063          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.435
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           790            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              250            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        790         250                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                219         69                    v
Trucks and buses                       25          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.889       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          988         303                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  988    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1291          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                988           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.279
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1040           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1040        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                289         33                    v
Trucks and buses                       22          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1283        155                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1283   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1283          4800            No
      Fi   F
     v  = v - v            1128          4800            No
      FO   F   R
     v                     155           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1283          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.1     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1900           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1900        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                528         6                     v
Trucks and buses                       22          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2343        23                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2343   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2366          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2343          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.293
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           920            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              980            vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        920         980                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                256         272                   v
Trucks and buses                       22          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1135        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2273          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.324
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3180           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1320           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3180        1320                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                883         367                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3692        1511                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3692   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3692          4800            No
      Fi   F
     v  = v - v            2181          4800            No
      FO   F   R
     v                     1511          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3692          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   28.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.434
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1860           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              310            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1860        310                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                517         86                    v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2160        365                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2160   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2525          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2160          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.0-   pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.314
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2170           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              540            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2170        540                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                603         150                   v
Trucks and buses                       13          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2568        636                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2568   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2568          4800            No
      Fi   F
     v  = v - v            1932          4800            No
      FO   F   R
     v                     636           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2568          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.485
                                              S
Space mean speed in ramp influence area,     S  = 56.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.4    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         25                    v
Trucks and buses                       13          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1929        109                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1929   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2038          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1929          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.295
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1720           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              370            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1720        370                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                478         103                   v
Trucks and buses                       15          25                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.727
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2054        565                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2054   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2054          4800            No
      Fi   F
     v  = v - v            1489          4800            No
      FO   F   R
     v                     565           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2054          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.479
                                              S
Space mean speed in ramp influence area,     S  = 56.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.6    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              35             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        35                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         10                    v
Trucks and buses                       15          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1612        45                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1612   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1657          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1612          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2010 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Edgerton Road to Sunflower Road                        
Jurisdiction:                                                                  
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1295           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     360            v                   
Trucks and buses                            10             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.952                              
Driver population factor, fp                1.00                               
Flow rate, vp                               755            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               755            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  10.8           pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1700           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     472            v                   
Trucks and buses                            8              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.962                              
Driver population factor, fp                1.00                               
Flow rate, vp                               982            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               982            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2270           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     631            v                   
Trucks and buses                            6              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.971                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1299           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1299           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  18.6           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3770           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     1047           v                   
Trucks and buses                            4              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.980                              
Driver population factor, fp                1.00                               
Flow rate, vp                               2136           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               2136           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              61.8           mi/h                
Number of lanes, N                          2                                  
Density, D                                  34.5           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1710           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     475            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               993            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               993            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  14.2           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   670            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     186            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               406            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               406            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   620            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     172            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               375            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               375            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  5.4            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   AM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Sunflower Road to Edgerton Road                        
Jurisdiction:                                                                  
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   555            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     154            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               336            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               336            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  4.8            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:03:18 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   775            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     215            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               476            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               476            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.8            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Sunflower Road to Gardner Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   910            veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     253            v                   
Trucks and buses                            18             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.917                              
Driver population factor, fp                1.00                               
Flow rate, vp                               551            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               551            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  7.9            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                Gardner Road to US 56                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1130           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     314            v                   
Trucks and buses                            16             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.926                              
Driver population factor, fp                1.00                               
Flow rate, vp                               678            pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               678            pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  9.7            pc/mi/ln            

Level of service, LOS                       A                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Northbound                                        
From/To:                US 56 to 151st Street                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2140           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     594            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1242           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1242           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  17.7           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                151Street to US 56                                     
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   3580           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     994            v                   
Trucks and buses                            7              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.966                              
Driver population factor, fp                1.00                               
Flow rate, vp                               2058           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               2058           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              63.7           mi/h                
Number of lanes, N                          2                                  
Density, D                                  32.3           pc/mi/ln            

Level of service, LOS                       D                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                US 56 to Gardner Road                                  
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   2420           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     672            v                   
Trucks and buses                            9              %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.957                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1405           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1405           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  20.1           pc/mi/ln            

Level of service, LOS                       C                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                                                                               
                   HCS+: Basic Freeway Segments Release 5.21                   
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                      Fax:                               
E-mail:                                                                        
                                                                               
_________________________Operational Analysis__________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency or Company:      HDR Inc.                                               
Date Performed:         3/24/2008 10:31:41 AM                                  
Analysis Time Period:   PM                                                     
Freeway/Direction:      I-35 Southbound                                        
From/To:                Gardner Road to Sunflower Road                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
_________________________Flow Inputs and Adjustments___________________________
                                                                               
Volume, V                                   1910           veh/h               
Peak-hour factor, PHF                       0.90                               
Peak 15-min volume, v15                     531            v                   
Trucks and buses                            11             %                   
Recreational vehicles                       0              %                   
Terrain type:                               Level                              
    Grade                                   0.00           %                   
    Segment length                          0.00           mi                  
Trucks and buses PCE, ET                    1.5                                
Recreational vehicle PCE, ER                1.2                                
Heavy vehicle adjustment, fHV               0.948                              
Driver population factor, fp                1.00                               
Flow rate, vp                               1119           pc/h/ln             
                                                                               
_________________________Speed Inputs and Adjustments__________________________
                                                                               
Lane width                                  12.0           ft                  
Right-shoulder lateral clearance            6.0            ft                  
Interchange density                         0.50           interchange/mi      
Number of lanes, N                          2                                  
Free-flow speed:                            Measured                           
     FFS or BFFS                            70.0           mi/h                
Lane width adjustment, fLW                  0.0            mi/h                
Lateral clearance adjustment, fLC           0.0            mi/h                
Interchange density adjustment, fID         0.0            mi/h                
Number of lanes adjustment, fN              0.0            mi/h                
Free-flow speed, FFS                        70.0           mi/h                
                                            Rural Freeway                      
                                                                               
_________________________LOS and Performance Measures__________________________
                                                                               
Flow rate, vp                               1119           pc/h/ln             
Free-flow speed, FFS                        70.0           mi/h                
Average passenger-car speed, S              70.0           mi/h                
Number of lanes, N                          2                                  
Density, D                                  16.0           pc/mi/ln            

Level of service, LOS                       B                                  
                                                                               
  Overall results are not computed when free-flow speed is less than 55 mph.   
                                                                               
                                                                               

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         3/27/2008 10:03:18 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2015
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1530           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     425            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               905            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               905            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1295           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1295        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                360         7                     v
Trucks and buses                       10          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1511        29                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1511   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1511          4800            No
      Fi   F
     v  = v - v            1482          4800            No
      FO   F   R
     v                     29            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1511          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.0+   pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1270           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1270        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                353         119                   v
Trucks and buses                       10          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1482        485                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1482   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1967          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1482          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.293
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               3 Gardner Exit                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1700           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              110            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1700        110                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                472         31                    v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1964        126                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1964   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1964          4800            No                    
      Fi   F                                                                   
     v  = v - v            1838          4800            No                    
      FO   F   R                                                               
     v                     126           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1964          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.9    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.439                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.7    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1590           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              680            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1590        680                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                442         189                   v     
Trucks and buses                       8           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.962       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1837        778                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1837   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2615          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1837          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.5    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.318                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.1    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.1    mph                  
_______________________________________________________________________________
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2270           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              270            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2270        270                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                631         75                    v     
Trucks and buses                       6           7                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.905                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2598        332                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2598   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2598          4800            No                    
      Fi   F                                                                   
     v  = v - v            2266          4800            No                    
      FO   F   R                                                               
     v                     332           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2598          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.4    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.458                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.2    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3630           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              140            vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3630        140                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                1008        39                    v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          4154        160                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  4154   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     4314          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                4154          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   32.8    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.542                        
                                              S                                
Space mean speed in ramp influence area,     S  = 54.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 54.8    mph                  
_______________________________________________________________________________
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2000           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1630           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2000        1630                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                556         453                   v     
Trucks and buses                       6           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.971       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2289        1865                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2289   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     4154          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2289          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   33.9    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  D               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.534                        
                                              S                                
Space mean speed in ramp influence area,     S  = 55.0    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 55.0    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1710           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1120           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1710        1120                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                475         311                   v     
Trucks and buses                       9           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1986        1300                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1986   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1986          4800            No                    
      Fi   F                                                                   
     v  = v - v            686           4800            No                    
      FO   F   R                                                               
     v                     1300          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1986          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.1    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.415                        
                                              S                                
Space mean speed in ramp influence area,     S  = 58.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 58.4    mph                  
_______________________________________________________________________________

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           590            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              80             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        590         80                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                164         22                    v
Trucks and buses                       9           14                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.826
Driver population factor, fP           1.00        1.00
Flow rate, vp                          685         108                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  685    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     793           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                685           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.6     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         31                    v
Trucks and buses                       18          12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          811         144                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  811    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                811           4800            No
      Fi   F
     v  = v - v            667           4800            No
      FO   F   R
     v                     144           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                811           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.0     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.441
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           560            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        560         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                156         17                    v
Trucks and buses                       18          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          678         70                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  678    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     748           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                678           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           620            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        620         90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                172         25                    v
Trucks and buses                       18          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          751         103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  751    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                751           4800            No
      Fi   F
     v  = v - v            648           4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                751           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   AM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               13 Sunflower Entr                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           530            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              25             vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        530         25                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                147         7                     v     
Trucks and buses                       18          0                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       1.000                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          642         28                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  642    pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     670           4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                642           4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.7     pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  A               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.273                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.4    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.4    mph                  
_______________________________________________________________________________
                                                                               

2015 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           775            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        775         25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                215         7                     v
Trucks and buses                       21          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          952         28                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  952    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                952           4800            No
      Fi   F
     v  = v - v            924           4800            No
      FO   F   R
     v                     28            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                952           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   5.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           750            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        750         160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                208         44                    v
Trucks and buses                       21          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          921         186                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  921    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1107          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                921           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   9.0     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.277
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           910            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        910         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                253         19                    v
Trucks and buses                       18          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.917       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1102        85                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1102   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1102          4800            No
      Fi   F
     v  = v - v            1017          4800            No
      FO   F   R
     v                     85            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1102          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.5     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.436
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               4 Gardner Entr                                         
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           840            vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              290            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        840         290                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                233         81                    v     
Trucks and buses                       18          6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.917       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1017        351                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1017   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     1368          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1017          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.280                        
                                              S                                
Space mean speed in ramp influence area,     S  = 62.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 62.2    mph                  
_______________________________________________________________________________
                                                                               

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               5 US-56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1130           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              130            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1130        130                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                314         36                    v     
Trucks and buses                       16          8                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.893                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1356        162                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  1356   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                1356          4800            No                    
      Fi   F                                                                   
     v  = v - v            1194          4800            No                    
      FO   F   R                                                               
     v                     162           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1356          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.7     pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence A                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.443                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.6    mph                  
_______________________________________________________________________________

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               6 US-56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2120           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              20             vph                 
Length of first accel/decel lane            1000           ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2120        20                    vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                589         6                     v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2544        23                    pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2544   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2567          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2544          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.302                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.5    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.5    mph                  
_______________________________________________________________________________
                                                                               

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Northbound                                        
Junction:               7 Loop Ramp Entr                                       
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1000           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              1120           vph                 
Length of first accel/decel lane            500            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1000        1120                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                278         311                   v     
Trucks and buses                       16          3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.926       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          1200        1300                  pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  1200   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2500          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                1200          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.2    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.334                        
                                              S                                
Space mean speed in ramp influence area,     S  = 60.7    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 60.7    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               8 US 56 Exit                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           3580           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     45.0           mph                 
Volume on ramp                              1520           vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        3580        1520                  vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                994         422                   v     
Trucks and buses                       7           2                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.971                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          4117        1740                  pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  4117   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                4117          4800            No                    
      Fi   F                                                                   
     v  = v - v            2377          4800            No                    
      FO   F   R                                                               
     v                     1740          2100            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                4117          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   32.5    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence D                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.455                        
                                              S                                
Space mean speed in ramp influence area,     S  = 57.3    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 57.3    mph                  
_______________________________________________________________________________

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               9 US 56 Entr                                           
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2060           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              360            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2060        360                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                572         100                   v     
Trucks and buses                       7           3                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.966       0.957                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2369        418                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2369   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2787          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2369          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   22.0    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  C               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.328                        
                                              S                                
Space mean speed in ramp influence area,     S  = 60.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 60.8    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               10 Gardner Exit                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           2420           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              620            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        2420        620                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                672         172                   v     
Trucks and buses                       9           4                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.943                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2810        730                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2810   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2810          4800            No                    
      Fi   F                                                                   
     v  = v - v            2080          4800            No                    
      FO   F   R                                                               
     v                     730           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2810          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.2    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence C                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.494                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.2    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.2    mph                  
_______________________________________________________________________________

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Merge Analysis________________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               11 Gardner Entr                                        
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Merge                              
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1800           vph                 
                                                                               
__________________________________On Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-flow speed on ramp                     35.0           mph                 
Volume on ramp                              110            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent Ramp                                    vph                 
Position of adjacent Ramp                                                      
Type of adjacent Ramp                                                          
Distance to adjacent Ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1800        110                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                500         31                    v     
Trucks and buses                       9           6                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                                     %           %           %       
     Length                                    mi          mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.957       0.917                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2090        133                   pcph  
                                                                               
_________________________Estimation of V12 Merge Areas_________________________
                                                                               
                  L  =            (Equation 25-2 or 25-3)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FM                                                          
                  v  = v  (P  ) =  2090   pc/h                                 
                   12   F   FM                                                 
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v                     2223          4800            No                    
      FO                                                                       
     v     v               0    pc/h     (Equation 25-4 or 25-5)               
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-8)                       
         12A                                                                   
                                                                               
________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2090          4400                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.7    pc/mi/ln
          R                   R           12            A                      
Level of service for ramp-freeway junction areas of influence  B               
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 M  = 0.301                        
                                              S                                
Space mean speed in ramp influence area,     S  = 61.6    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 61.6    mph                  
_______________________________________________________________________________
                                                                               

                                                                               
                      HCS+: Ramps and Ramp Junctions Release 5.21              
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
                                                                               
Phone:                                     Fax:                                
E-mail:                                                                        
                                                                               
_________________________________Diverge Analysis______________________________
                                                                               
Analyst:                Trishul Palekar                                        
Agency/Co.:             HDR Inc.                                               
Date performed:         3/24/2008 10:31:41 AM                                  
Analysis time period:   PM                                                     
Freeway/Dir of Travel:  I-35 Southbound                                        
Junction:               12 Sunflower Exit                                      
Jurisdiction:           KDOT                                                   
Analysis Year:          2015                                                   
Description:  NEPA Traffic Study                                               
                                                                               
__________________________________Freeway Data_________________________________
                                                                               
Type of analysis                            Diverge                            
Number of lanes in freeway                  2                                  
Free-flow speed on freeway                  70.0           mph                 
Volume on freeway                           1910           vph                 
                                                                               
_________________________________Off Ramp Data_________________________________
                                                                               
Side of freeway                             Right                              
Number of lanes in ramp                     1                                  
Free-Flow speed on ramp                     35.0           mph                 
Volume on ramp                              440            vph                 
Length of first accel/decel lane            800            ft                  
Length of second accel/decel lane                          ft                  
                                                                               
_________________________Adjacent Ramp Data (if one exists)____________________
                                                                               
Does adjacent ramp exist?                   No                                 
Volume on adjacent ramp                                    vph                 
Position of adjacent ramp                                                      
Type of adjacent ramp                                                          
Distance to adjacent ramp                                  ft                  
                                                                               
____________________Conversion to pc/h Under Base Conditions___________________
                                                                               
Junction Components                    Freeway     Ramp        Adjacent        
                                                               Ramp            
Volume, V (vph)                        1910        440                   vph   
Peak-hour factor, PHF                  0.90        0.90                        
Peak 15-min volume, v15                531         122                   v     
Trucks and buses                       11          1                     %     
Recreational vehicles                  0           0                     %     
Terrain type:                          Level       Rolling                     
     Grade                             0.00    %   0.00    %           %       
     Length                            0.00    mi  0.00    mi          mi      
Trucks and buses PCE, ET               1.5*        2.5                         
Recreational vehicle PCE, ER           1.2*        2.0                         

Heavy vehicle adjustment, fHV          0.948       0.985                       
Driver population factor, fP           1.00        1.00                        
Flow rate, vp                          2239        496                   pcph  
                                                                               
_________________________Estimation of V12 Diverge Areas_______________________
                                                                               
                  L  =            (Equation 25-8 or 25-9)                      
                   EQ                                                          
                  P  =    1.000   Using Equation  0                            
                   FD                                                          
                  v  = v  + (v - v ) P  =  2239   pc/h                         
                   12   R     F   R   FD                                       
                                                                               
_______________________________Capacity Checks_________________________________
                                                                               
                           Actual        Maximum         LOS F?                
     v  = v                2239          4800            No                    
      Fi   F                                                                   
     v  = v - v            1743          4800            No                    
      FO   F   R                                                               
     v                     496           2000            No                    
      R                                                                        
     v     v               0    pc/h     (Equation 25-15 or 25-16)             
      3 or  av34                                                               
Is   v     v      > 2700 pc/h?           No                                    
      3 or  av34                                                               
Is   v     v      > 1.5 v  /2            No                                    
      3 or  av34         12                                                    
If yes, v    =                           (Equation 25-18)                      
         12A                                                                   
                                                                               
______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?           
     v                2239          4600                  No                   
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________
                                                                               
Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D                       
Level of service for ramp-freeway junction areas of influence B                
                                                                               
_____________________________Speed Estimation__________________________________
                                                                               
Intermediate speed variable,                 D  = 0.473                        
                                              S                                
Space mean speed in ramp influence area,     S  = 56.8    mph                  
                                              R                                
Space mean speed in outer lanes,             S  =  N/A    mph                  
                                              0                                
Space mean speed for all vehicles,           S  = 56.8    mph                  
_______________________________________________________________________________

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1910           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1910        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                531         117                   v
Trucks and buses                       11          1                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.985
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2239        474                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2239   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2239          4800            No
      Fi   F
     v  = v - v            1765          4800            No
      FO   F   R
     v                     474           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2239          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         3/27/2008 10:03:18 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2015
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1490           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              40             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1490        40                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                414         11                    v
Trucks and buses                       11          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1747        48                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1747   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1795          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1747          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.288
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2015 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1205           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     335            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               700            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               700            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.0           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               925            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               925            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2070           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     575            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1208           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1208           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  17.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3380           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     939            v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1934           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1934           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.0           mi/h
Number of lanes, N                          2
Density, D                                  29.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     436            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               920            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               920            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   670            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     186            v
Trucks and buses                            23             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.897
Driver population factor, fp                1.00
Flow rate, vp                               415            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               415            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.9            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   620            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     172            v
Trucks and buses                            24             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.893
Driver population factor, fp                1.00
Flow rate, vp                               386            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               386            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  5.5            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   495            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     138            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               301            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               301            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  4.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   685            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     190            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               421            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               421            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  6.0            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   850            veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     236            v
Trucks and buses                            25             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.889
Driver population factor, fp                1.00
Flow rate, vp                               531            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               531            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  7.6            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1040           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     289            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               641            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               641            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  9.2            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     533            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1136           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1136           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  16.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3180           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     883            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1846           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1846           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.3           mi/h
Number of lanes, N                          2
Density, D                                  27.4           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2170           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     603            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1284           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1284           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  18.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1720           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     478            v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               1027           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1027           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  14.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Trishul Palekar
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 2:16:37 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2010
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1385           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     385            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               816            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               816            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1205           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              25             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1205        25                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                335         7                     v
Trucks and buses                       9           12                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.847
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1399        33                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1399   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1399          4800            No
      Fi   F
     v  = v - v            1366          4800            No
      FO   F   R
     v                     33            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1399          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.1     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.431
                                              S
Space mean speed in ramp influence area,     S  = 57.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1180           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              390            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1180        390                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                328         108                   v
Trucks and buses                       9           20                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.769
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1370        563                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1370   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1933          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1370          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         25                    v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1849        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1849   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1849          4800            No
      Fi   F
     v  = v - v            1746          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1849          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1480           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              590            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1480        590                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                411         164                   v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1743        675                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1743   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2418          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1743          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.309
                                              S
Space mean speed in ramp influence area,     S  = 61.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2070           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              240            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2070        240                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                575         67                    v
Trucks and buses                       10          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2415        299                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2415   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2415          4800            No
      Fi   F
     v  = v - v            2116          4800            No
      FO   F   R
     v                     299           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2415          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3250           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              130            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3250        130                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                903         36                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        149                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3792   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3941          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3792          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.452
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.4    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1830           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1420           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1830        1420                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                508         394                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2135        1625                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3760          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.453
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              970            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1570        970                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                436         269                   v
Trucks and buses                       11          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1840        1126                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1840   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1840          4800            No
      Fi   F
     v  = v - v            714           4800            No
      FO   F   R
     v                     1126          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1840          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.399
                                              S
Space mean speed in ramp influence area,     S  = 58.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.8    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           600            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              70             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        600         70                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                167         19                    v
Trucks and buses                       11          17                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.797
Driver population factor, fP           1.00        1.00
Flow rate, vp                          703         98                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  703    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     801           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                703           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.7     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.274
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         28                    v
Trucks and buses                       23          13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          830         133                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  830    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                830           4800            No
      Fi   F
     v  = v - v            697           4800            No
      FO   F   R
     v                     133           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                830           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.440
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           570            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              50             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        570         50                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                158         14                    v
Trucks and buses                       23          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.897       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          706         59                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  706    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     765           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                706           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   6.4     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.273
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           620            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              140            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        620         140                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                172         39                    v
Trucks and buses                       24          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          772         156                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  772    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                772           4800            No
      Fi   F
     v  = v - v            616           4800            No
      FO   F   R
     v                     156           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                772           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   3.7     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           480            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        480         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                133         4                     v
Trucks and buses                       24          13                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       0.837
Driver population factor, fP           1.00        1.00
Flow rate, vp                          597         20                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  597    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     617           4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                597           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   5.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.272
                                              S
Space mean speed in ramp influence area,     S  = 62.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.4    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           685            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              15             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        685         15                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                190         4                     v
Trucks and buses                       21          20                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.769
Driver population factor, fP           1.00        1.00
Flow rate, vp                          841         22                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  841    pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                841           4800            No
      Fi   F
     v  = v - v            819           4800            No
      FO   F   R
     v                     22            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                841           4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   4.3     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.430
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           670            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        670         180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                186         50                    v
Trucks and buses                       21          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          823         200                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  823    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1023          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                823           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   8.3     pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.276
                                              S
Space mean speed in ramp influence area,     S  = 62.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.3    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           850            vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              60             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        850         60                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                236         17                    v
Trucks and buses                       25          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.889       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1063        74                    pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1063   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1063          4800            No
      Fi   F
     v  = v - v            989           4800            No
      FO   F   R
     v                     74            2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1063          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   6.2     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.435
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           790            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              250            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        790         250                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                219         69                    v
Trucks and buses                       25          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.889       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          988         303                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  988    pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1291          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                988           4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.279
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.2    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1040           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1040        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                289         33                    v
Trucks and buses                       22          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1283        155                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1283   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1283          4800            No
      Fi   F
     v  = v - v            1128          4800            No
      FO   F   R
     v                     155           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1283          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   8.1     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.442
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1900           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              20             vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1900        20                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                528         6                     v
Trucks and buses                       22          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2343        23                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2343   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2366          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2343          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   17.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.293
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           920            vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              980            vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        920         980                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                256         272                   v
Trucks and buses                       22          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1135        1138                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1135   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2273          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1135          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.324
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 60.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               8 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3180           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1320           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3180        1320                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                883         367                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3692        1511                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3692   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3692          4800            No
      Fi   F
     v  = v - v            2181          4800            No
      FO   F   R
     v                     1511          2100            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3692          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   28.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.434
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               9 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1860           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              310            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1860        310                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                517         86                    v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2160        365                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2160   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2525          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2160          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.0-   pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.314
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2170           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              540            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2170        540                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                603         150                   v
Trucks and buses                       13          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2568        636                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2568   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2568          4800            No
      Fi   F
     v  = v - v            1932          4800            No
      FO   F   R
     v                     636           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2568          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.485
                                              S
Space mean speed in ramp influence area,     S  = 56.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.4    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         25                    v
Trucks and buses                       13          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1929        109                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1929   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2038          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1929          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.295
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1720           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              370            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1720        370                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                478         103                   v
Trucks and buses                       15          25                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.727
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2054        565                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2054   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2054          4800            No
      Fi   F
     v  = v - v            1489          4800            No
      FO   F   R
     v                     565           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2054          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   14.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.479
                                              S
Space mean speed in ramp influence area,     S  = 56.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.6    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Trishul Palekar
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 2:16:37 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2010
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              35             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        35                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         10                    v
Trucks and buses                       15          11                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.858
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1612        45                    pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1612   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1657          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1612          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

2015 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2400           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     667            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1393           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1393           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  19.9           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4360           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1211           v
Trucks and buses                            6              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.971
Driver population factor, fp                1.00
Flow rate, vp                               1663           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1663           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.1           mi/h
Number of lanes, N                          3
Density, D                                  24.1           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2920           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     811            v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1687           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1687           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.9           mi/h
Number of lanes, N                          2
Density, D                                  24.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5690           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1581           v
Trucks and buses                            5              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.976
Driver population factor, fp                1.00
Flow rate, vp                               2160           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2160           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              61.2           mi/h
Number of lanes, N                          3
Density, D                                  35.3           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3260           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     906            v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               1250           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1250           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  17.9           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3480           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     967            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1347           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1347           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1630           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     453            v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               649            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               649            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  9.3            pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1190           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     331            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               727            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               727            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.4           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2280           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     633            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               899            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               899            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  12.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1270           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     353            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               773            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               773            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.0+          pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1350           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     375            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               829            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               829            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  11.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1540           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     428            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               937            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               937            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.4           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1960           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     544            v
Trucks and buses                            16             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.926
Driver population factor, fp                1.00
Flow rate, vp                               784            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               784            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  11.2           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2760           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     767            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1084           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1084           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  15.5           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1167           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1626           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1626           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.3           mi/h
Number of lanes, N                          3
Density, D                                  23.5           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1517           v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               2093           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2093           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              62.9           mi/h
Number of lanes, N                          3
Density, D                                  33.3           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4670           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1297           v
Trucks and buses                            8              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.962
Driver population factor, fp                1.00
Flow rate, vp                               1799           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1799           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.9           mi/h
Number of lanes, N                          3
Density, D                                  26.5           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3460           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     961            v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               1346           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1346           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     889            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1876           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1876           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.9           mi/h
Number of lanes, N                          2
Density, D                                  28.0           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/1/2008 4:10:06 PM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2730           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     758            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1608           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1608           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.4           mi/h
Number of lanes, N                          2
Density, D                                  23.2           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2400           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              160            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2400        160                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                667         44                    v
Trucks and buses                       9           6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2787        194                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2787   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2787          4800            No
      Fi   F
     v  = v - v            2593          4800            No
      FO   F   R
     v                     194           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2787          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.445
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2240           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              680            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2240        680                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                622         189                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2601        778                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2601   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3379          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2601          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.379
                                              S
Space mean speed in ramp influence area,     S  = 59.4    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.4    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2920           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              260            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2920        260                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                811         72                    v
Trucks and buses                       8           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3374        298                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3374   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3374          4800            No
      Fi   F
     v  = v - v            3076          4800            No
      FO   F   R
     v                     298           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3374          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.3    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2660           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              600            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2660        600                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                739         167                   v
Trucks and buses                       8           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3074        687                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1844   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3761          7200            No
      FO
     v     v               1230 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1844          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.314
                                              S
Space mean speed in ramp influence area,     S  = 61.2    mph
                                              R
Space mean speed in outer lanes,             S  = 67.4    mph
                                              0
Space mean speed for all vehicles,           S  = 63.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3260           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3260        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                906         117                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3749        481                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.644   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2586   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3749          7200            No
      Fi   F
     v  = v - v            3268          7200            No
      FO   F   R
     v                     481           2000            No
      R
     v     v               1163 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2586          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  = 76.2    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2840           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2840        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                789         422                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3266        1740                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1959   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5006          7200            No
      FO
     v     v               1307 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1959          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.423
                                              S
Space mean speed in ramp influence area,     S  = 58.2    mph
                                              R
Space mean speed in outer lanes,             S  = 67.1    mph
                                              0
Space mean speed for all vehicles,           S  = 60.3    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4360           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              890            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4360        890                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1211        247                   v
Trucks and buses                       6           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4990        1048                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.587   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3362   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4990          7200            No
      Fi   F
     v  = v - v            3942          7200            No
      FO   F   R
     v                     1048          2000            No
      R
     v     v               1628 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3362          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   26.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.522
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 74.3    mph
                                              0
Space mean speed for all vehicles,           S  = 60.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5140           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              550            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5140        550                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1428        153                   v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5882        629                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  3562   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6511          7200            No
      FO
     v     v               2320 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3562          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   31.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.509
                                              S
Space mean speed in ramp influence area,     S  = 55.8    mph
                                              R
Space mean speed in outer lanes,             S  = 63.3    mph
                                              0
Space mean speed for all vehicles,           S  = 58.2    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3470           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1670           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3470        1670                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                964         464                   v
Trucks and buses                       6           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.971       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3971        1911                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  2349   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5882          7200            No
      FO
     v     v               1622 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2349          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   34.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.562
                                              S
Space mean speed in ramp influence area,     S  = 54.3    mph
                                              R
Space mean speed in outer lanes,             S  = 66.0    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3480           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3480        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                967         447                   v
Trucks and buses                       9           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4041        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2846   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4041          7200            No
      Fi   F
     v  = v - v            2172          7200            No
      FO   F   R
     v                     1869          4100            No
      R
     v     v               1195 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2846          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   9.8     pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.466
                                              S
Space mean speed in ramp influence area,     S  = 56.9    mph
                                              R
Space mean speed in outer lanes,             S  = 76.0    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1870           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              410            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1870        410                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                519         114                   v
Trucks and buses                       9           7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2171        503                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1302   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2674          7200            No
      FO
     v     v               869  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1302          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.289
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  = 68.7    mph
                                              0
Space mean speed for all vehicles,           S  = 64.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2280           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              830            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2280        830                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                633         231                   v
Trucks and buses                       13          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2698        1019                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.646   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2103   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2698          7200            No
      Fi   F
     v  = v - v            1679          7200            No
      FO   F   R
     v                     1019          2000            No
      R
     v     v               595  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2103          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   15.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.520
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1450           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              180            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1450        180                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                403         50                    v
Trucks and buses                       13          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.939       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1716        209                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1029   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1925          7200            No
      FO
     v     v               687  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1029          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   10.0+   pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.278
                                              S
Space mean speed in ramp influence area,     S  = 62.2    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 64.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1630           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              470            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1630        470                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                453         131                   v
Trucks and buses                       15          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1947        538                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.687   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1505   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1947          7200            No
      Fi   F
     v  = v - v            1409          7200            No
      FO   F   R
     v                     538           2000            No
      R
     v     v               442  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1505          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.0-   pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence A

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 60.2    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1160           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1160        110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                322         31                    v
Trucks and buses                       15          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1386        126                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1386   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1512          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1386          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.283
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1270           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              170            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1270        170                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                353         47                    v
Trucks and buses                       19          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1545        200                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1545   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1545          4800            No
      Fi   F
     v  = v - v            1345          4800            No
      FO   F   R
     v                     200           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1545          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.446
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1100           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1100        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                306         25                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1338        103                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1338   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1441          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1338          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.281
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1350           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              90             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1350        90                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                375         25                    v
Trucks and buses                       21          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1658        103                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1658   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1658          4800            No
      Fi   F
     v  = v - v            1555          4800            No
      FO   F   R
     v                     103           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1658          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.437
                                              S
Space mean speed in ramp influence area,     S  = 57.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1260           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              280            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1260        280                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                350         78                    v
Trucks and buses                       21          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1547        330                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1547   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1877          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1547          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.9    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.290
                                              S
Space mean speed in ramp influence area,     S  = 61.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1540           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              100            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1540        100                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                428         28                    v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1874        114                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1874   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1874          4800            No
      Fi   F
     v  = v - v            1760          4800            No
      FO   F   R
     v                     114           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1874          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.2    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.438
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1440           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              520            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1440        520                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                400         144                   v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1752        595                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1051   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2347          7200            No
      FO
     v     v               701  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1051          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 64.0    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1960           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              210            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1960        210                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                544         58                    v
Trucks and buses                       16          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2352        251                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.690   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1700   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2352          7200            No
      Fi   F
     v  = v - v            2101          7200            No
      FO   F   R
     v                     251           2000            No
      R
     v     v               652  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1700          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.451
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1750           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1010           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1750        1010                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                486         281                   v
Trucks and buses                       16          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2100        1190                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1260   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3290          7200            No
      FO
     v     v               840  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1260          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   19.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.310
                                              S
Space mean speed in ramp influence area,     S  = 61.3    mph
                                              R
Space mean speed in outer lanes,             S  = 68.8    mph
                                              0
Space mean speed for all vehicles,           S  = 63.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2760           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              490            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2760        490                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                767         136                   v
Trucks and buses                       12          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3251        610                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.651   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2328   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3251          7200            No
      Fi   F
     v  = v - v            2641          7200            No
      FO   F   R
     v                     610           2000            No
      R
     v     v               923  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2328          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   17.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.483
                                              S
Space mean speed in ramp influence area,     S  = 56.5    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3620           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              580            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3620        580                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1006        161                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4264        673                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  2582   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4937          7200            No
      FO
     v     v               1682 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2582          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   24.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.352
                                              S
Space mean speed in ramp influence area,     S  = 60.1    mph
                                              R
Space mean speed in outer lanes,             S  = 65.7    mph
                                              0
Space mean speed for all vehicles,           S  = 61.9    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2270           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1350           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2270        1350                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                631         375                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2674        1568                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  1582   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4242          7200            No
      FO
     v     v               1092 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1582          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   26.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.377
                                              S
Space mean speed in ramp influence area,     S  = 59.4    mph
                                              R
Space mean speed in outer lanes,             S  = 67.9    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1730           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5460        1730                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1517        481                   v
Trucks and buses                       7           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6279        1980                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3915   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                6279          7200            No
      Fi   F
     v  = v - v            4299          7200            No
      FO   F   R
     v                     1980          4100            No
      R
     v     v               2364 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3915          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   19.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 71.5    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3730           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              940            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3730        940                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1036        261                   v
Trucks and buses                       7           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.966       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4289        1091                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2573   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5380          7200            No
      FO
     v     v               1716 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2573          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   28.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.417
                                              S
Space mean speed in ramp influence area,     S  = 58.3    mph
                                              R
Space mean speed in outer lanes,             S  = 65.6    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4670           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4670        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1297        447                   v
Trucks and buses                       8           3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5396        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.539   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3770   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5396          7200            No
      Fi   F
     v  = v - v            3527          7200            No
      FO   F   R
     v                     1869          2000            No
      R
     v     v               1626 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3770          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.596
                                              S
Space mean speed in ramp influence area,     S  = 53.3    mph
                                              R
Space mean speed in outer lanes,             S  = 74.3    mph
                                              0
Space mean speed for all vehicles,           S  = 58.3    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3060           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              400            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3060        400                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                850         111                   v
Trucks and buses                       8           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.962       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3536        471                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2121   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4007          7200            No
      FO
     v     v               1415 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2121          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.317
                                              S
Space mean speed in ramp influence area,     S  = 61.1    mph
                                              R
Space mean speed in outer lanes,             S  = 66.7    mph
                                              0
Space mean speed for all vehicles,           S  = 63.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3460           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              610            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3460        610                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                961         169                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4037        698                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.627   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2791   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4037          7200            No
      Fi   F
     v  = v - v            3339          7200            No
      FO   F   R
     v                     698           2000            No
      R
     v     v               1246 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2791          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.491
                                              S
Space mean speed in ramp influence area,     S  = 56.3    mph
                                              R
Space mean speed in outer lanes,             S  = 75.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2850           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              350            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2850        350                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                792         97                    v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3325        401                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3325   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3726          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3325          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.427
                                              S
Space mean speed in ramp influence area,     S  = 58.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 58.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3200           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              660            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3200        660                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                889         183                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3751        755                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3751   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3751          4800            No
      Fi   F
     v  = v - v            2996          4800            No
      FO   F   R
     v                     755           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3751          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   29.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.496
                                              S
Space mean speed in ramp influence area,     S  = 56.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.1    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/1/2008 4:04:23 PM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2540           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2540        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                706         53                    v
Trucks and buses                       11          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2977        224                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2977   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3201          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2977          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.361
                                              S
Space mean speed in ramp influence area,     S  = 59.9    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.9    mph
_______________________________________________________________________________

2030 Wellsville North No Action - PM Peak Hour - HCS Freeway Ramps



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2410           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     669            v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1399           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1399           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  20.0           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3140           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     872            v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1849           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1849           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              67.3           mi/h
Number of lanes, N                          2
Density, D                                  27.5           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3470           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     964            v
Trucks and buses                            11             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.948
Driver population factor, fp                1.00
Flow rate, vp                               1356           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1356           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  19.4           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4570           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1269           v
Trucks and buses                            9              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.957
Driver population factor, fp                1.00
Flow rate, vp                               1769           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1769           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.2           mi/h
Number of lanes, N                          3
Density, D                                  25.9           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5890           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1636           v
Trucks and buses                            7              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.966
Driver population factor, fp                1.00
Flow rate, vp                               2258           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2258           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              58.4           mi/h
Number of lanes, N                          3
Density, D                                  38.7           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3610           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1003           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1417           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1417           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  20.3           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2430           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     675            v
Trucks and buses                            17             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.922
Driver population factor, fp                1.00
Flow rate, vp                               977            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               977            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  14.0           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1790           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     497            v
Trucks and buses                            19             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.913
Driver population factor, fp                1.00
Flow rate, vp                               726            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               726            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  10.4           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1440           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     400            v
Trucks and buses                            24             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.893
Driver population factor, fp                1.00
Flow rate, vp                               896            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               896            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.8           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   AM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1200           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     333            v
Trucks and buses                            20             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.909
Driver population factor, fp                1.00
Flow rate, vp                               733            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               733            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  10.5           pc/mi/ln

Level of service, LOS                       A

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Edgerton Road to Sunflower Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1370           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     381            v
Trucks and buses                            22             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.901
Driver population factor, fp                1.00
Flow rate, vp                               845            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               845            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  12.1           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Sunflower Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   1700           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     472            v
Trucks and buses                            0              %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               1.000
Driver population factor, fp                1.00
Flow rate, vp                               944            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              0.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Rural Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               944            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          2
Density, D                                  13.5           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Waverly Road to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2110           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     586            v
Trucks and buses                            21             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.905
Driver population factor, fp                1.00
Flow rate, vp                               864            pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               864            pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  12.3           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                Gardner Road to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2910           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     808            v
Trucks and buses                            17             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.922
Driver population factor, fp                1.00
Flow rate, vp                               1169           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1169           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              70.0           mi/h
Number of lanes, N                          3
Density, D                                  16.7           pc/mi/ln

Level of service, LOS                       B

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Northbound
From/To:                US 56 to 151st Street
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4340           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1206           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1704           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1704           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              68.8           mi/h
Number of lanes, N                          3
Density, D                                  24.8           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                151Street to US 56
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   5620           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1561           v
Trucks and buses                            10             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.952
Driver population factor, fp                1.00
Flow rate, vp                               2186           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2186           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              60.5           mi/h
Number of lanes, N                          3
Density, D                                  36.1           pc/mi/ln

Level of service, LOS                       E

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                US 56 to Gardner Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   4830           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1342           v
Trucks and buses                            12             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.943
Driver population factor, fp                1.00
Flow rate, vp                               1896           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1896           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              66.6           mi/h
Number of lanes, N                          3
Density, D                                  28.5           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Gardner Road to Waverly Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3620           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     1006           v
Trucks and buses                            15             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.930
Driver population factor, fp                1.00
Flow rate, vp                               1441           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         1.15           interchange/mi
Number of lanes, N                          3
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         3.2            mi/h
Number of lanes adjustment, fN              3.0            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1441           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.9           mi/h
Number of lanes, N                          3
Density, D                                  20.6           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Waverly Road to Sunflower Road
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   3360           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     933            v
Trucks and buses                            16             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.926
Driver population factor, fp                1.00
Flow rate, vp                               2016           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               2016           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              64.5           mi/h
Number of lanes, N                          2
Density, D                                  31.2           pc/mi/ln

Level of service, LOS                       D

  Overall results are not computed when free-flow speed is less than 55 mph.

                   HCS+: Basic Freeway Segments Release 5.21

Phone:                                      Fax:
E-mail:

_________________________Operational Analysis__________________________________

Analyst:                Tom Hiles
Agency or Company:      HDR Inc.
Date Performed:         4/2/2008 9:27:05 AM
Analysis Time Period:   PM
Freeway/Direction:      I-35 Southbound
From/To:                Sunflower Road to Edgerton Road
Jurisdiction:
Analysis Year:          2030
Description:  NEPA Traffic Study

_________________________Flow Inputs and Adjustments___________________________

Volume, V                                   2700           veh/h
Peak-hour factor, PHF                       0.90
Peak 15-min volume, v15                     750            v
Trucks and buses                            13             %
Recreational vehicles                       0              %
Terrain type:                               Level
    Grade                                   0.00           %
    Segment length                          0.00           mi
Trucks and buses PCE, ET                    1.5
Recreational vehicle PCE, ER                1.2
Heavy vehicle adjustment, fHV               0.939
Driver population factor, fp                1.00
Flow rate, vp                               1598           pc/h/ln

_________________________Speed Inputs and Adjustments__________________________

Lane width                                  12.0           ft
Right-shoulder lateral clearance            6.0            ft
Interchange density                         0.50           interchange/mi
Number of lanes, N                          2
Free-flow speed:                            Measured
     FFS or BFFS                            70.0           mi/h
Lane width adjustment, fLW                  0.0            mi/h
Lateral clearance adjustment, fLC           0.0            mi/h
Interchange density adjustment, fID         0.0            mi/h
Number of lanes adjustment, fN              4.5            mi/h
Free-flow speed, FFS                        70.0           mi/h
                                            Urban Freeway

_________________________LOS and Performance Measures__________________________

Flow rate, vp                               1598           pc/h/ln
Free-flow speed, FFS                        70.0           mi/h
Average passenger-car speed, S              69.4           mi/h
Number of lanes, N                          2
Density, D                                  23.0           pc/mi/ln

Level of service, LOS                       C

  Overall results are not computed when free-flow speed is less than 55 mph.

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Mainline



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2410           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              165            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2410        165                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                669         46                    v
Trucks and buses                       9           8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2798        205                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2798   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2798          4800            No
      Fi   F
     v  = v - v            2593          4800            No
      FO   F   R
     v                     205           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2798          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   21.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.446
                                              S
Space mean speed in ramp influence area,     S  = 57.5    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2245           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              900            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2245        900                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                624         250                   v
Trucks and buses                       9           19                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.778
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2607        1285                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  2607   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3892          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2607          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3140           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              270            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3140        270                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                872         75                    v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3698        314                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  3698   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3698          4800            No
      Fi   F
     v  = v - v            3384          4800            No
      FO   F   R
     v                     314           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3698          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   28.9    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.456
                                              S
Space mean speed in ramp influence area,     S  = 57.2    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2870           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              600            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2870        600                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                797         167                   v
Trucks and buses                       12          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3380        687                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2028   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4067          7200            No
      FO
     v     v               1352 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2028          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.3    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.324
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  = 66.9    mph
                                              0
Space mean speed for all vehicles,           S  = 62.8    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3470           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              420            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3470        420                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                964         117                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4068        481                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.636   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2763   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4068          7200            No
      Fi   F
     v  = v - v            3587          7200            No
      FO   F   R
     v                     481           2000            No
      R
     v     v               1305 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2763          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   20.8    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.471
                                              S
Space mean speed in ramp influence area,     S  = 56.8    mph
                                              R
Space mean speed in outer lanes,             S  = 75.6    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3050           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1520           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3050        1520                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                847         422                   v
Trucks and buses                       11          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.948       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3575        1740                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2145   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5315          7200            No
      FO
     v     v               1430 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2145          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   30.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.455
                                              S
Space mean speed in ramp influence area,     S  = 57.3    mph
                                              R
Space mean speed in outer lanes,             S  = 66.7    mph
                                              0
Space mean speed for all vehicles,           S  = 59.5    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4570           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              900            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4570        900                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1269        250                   v
Trucks and buses                       9           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5306        1060                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.579   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3517   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5306          7200            No
      Fi   F
     v  = v - v            4246          7200            No
      FO   F   R
     v                     1060          2000            No
      R
     v     v               1789 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3517          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   27.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.523
                                              S
Space mean speed in ramp influence area,     S  = 55.3    mph
                                              R
Space mean speed in outer lanes,             S  = 73.7    mph
                                              0
Space mean speed for all vehicles,           S  = 60.4    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5340           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              550            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5340        550                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1483        153                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6200        629                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  3754   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6829          7200            No
      FO
     v     v               2446 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3754          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   33.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.563
                                              S
Space mean speed in ramp influence area,     S  = 54.2    mph
                                              R
Space mean speed in outer lanes,             S  = 62.6    mph
                                              0
Space mean speed for all vehicles,           S  = 57.0    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3670           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1670           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3670        1670                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1019        464                   v
Trucks and buses                       9           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.957       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4261        1911                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  2520   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     6172          7200            No
      FO
     v     v               1741 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2520          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   36.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  E

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.614
                                              S
Space mean speed in ramp influence area,     S  = 52.8    mph
                                              R
Space mean speed in outer lanes,             S  = 65.5    mph
                                              0
Space mean speed for all vehicles,           S  = 55.9    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3610           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3610        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1003        447                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4252        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  2941   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4252          7200            No
      Fi   F
     v  = v - v            2383          7200            No
      FO   F   R
     v                     1869          4100            No
      R
     v     v               1311 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2941          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   10.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.466
                                              S
Space mean speed in ramp influence area,     S  = 56.9    mph
                                              R
Space mean speed in outer lanes,             S  = 75.6    mph
                                              0
Space mean speed for all vehicles,           S  = 61.6    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2000           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2000        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                556         119                   v
Trucks and buses                       12          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2356        528                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1413   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2884          7200            No
      FO
     v     v               943  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1413          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   15.4    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.292
                                              S
Space mean speed in ramp influence area,     S  = 61.8    mph
                                              R
Space mean speed in outer lanes,             S  = 68.4    mph
                                              0
Space mean speed for all vehicles,           S  = 63.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2430           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              830            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2430        830                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                675         231                   v
Trucks and buses                       17          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2930        1019                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.640   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2242   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2930          7200            No
      Fi   F
     v  = v - v            1911          7200            No
      FO   F   R
     v                     1019          2000            No
      R
     v     v               688  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2242          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   16.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.520
                                              S
Space mean speed in ramp influence area,     S  = 55.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 59.3    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1600           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1600        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                444         53                    v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1929        221                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1157   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2150          7200            No
      FO
     v     v               772  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1157          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   11.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.280
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  = 69.0    mph
                                              0
Space mean speed for all vehicles,           S  = 64.5    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1790           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              470            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1790        470                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                497         131                   v
Trucks and buses                       19          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2178        538                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.681   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1655   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2178          7200            No
      Fi   F
     v  = v - v            1640          7200            No
      FO   F   R
     v                     538           2000            No
      R
     v     v               523  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1655          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 60.5    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - AM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1320           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              120            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1320        120                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                367         33                    v
Trucks and buses                       19          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.913       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1606        139                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1606   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1745          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1606          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   14.0    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.287
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.0    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1440           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              340            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1440        340                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                400         94                    v
Trucks and buses                       24          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1792        378                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1792   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1792          4800            No
      Fi   F
     v  = v - v            1414          4800            No
      FO   F   R
     v                     378           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1792          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   12.5    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.462
                                              S
Space mean speed in ramp influence area,     S  = 57.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.1    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   AM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1110           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              95             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1110        95                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                308         26                    v
Trucks and buses                       24          7                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.893       0.905
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1381        117                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1381   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     1498          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1381          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   12.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.282
                                              S
Space mean speed in ramp influence area,     S  = 62.1    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 62.1    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               1 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1370           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              95             vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1370        95                    vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                381         26                    v
Trucks and buses                       22          8                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       0.893
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1690        118                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1690   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1690          4800            No
      Fi   F
     v  = v - v            1572          4800            No
      FO   F   R
     v                     118           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1690          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   11.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.439
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               2 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1275           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              430            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1275        430                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                354         119                   v
Trucks and buses                       22          0                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.901       1.000
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1573        478                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  1573   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2051          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1573          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   16.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.295
                                              S
Space mean speed in ramp influence area,     S  = 61.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 61.7    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               3 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1700           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              110            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1700        110                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                472         31                    v
Trucks and buses                       0           4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          1.000       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1889        130                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  1889   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                1889          4800            No
      Fi   F
     v  = v - v            1759          4800            No
      FO   F   R
     v                     130           2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1889          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.3    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.440
                                              S
Space mean speed in ramp influence area,     S  = 57.7    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 57.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               4 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1590           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              520            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1590        520                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                442         144                   v
Trucks and buses                       0           2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          1.000       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          1767        595                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1060   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     2362          7200            No
      FO
     v     v               707  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1060          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   13.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.285
                                              S
Space mean speed in ramp influence area,     S  = 62.0    mph
                                              R
Space mean speed in outer lanes,             S  = 69.3    mph
                                              0
Space mean speed for all vehicles,           S  = 64.0    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               5 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2110           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              210            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2110        210                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                586         58                    v
Trucks and buses                       21          5                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.930
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2591        251                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.684   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  1851   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                2591          7200            No
      Fi   F
     v  = v - v            2340          7200            No
      FO   F   R
     v                     251           2000            No
      R
     v     v               740  pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1851          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   13.0    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.451
                                              S
Space mean speed in ramp influence area,     S  = 57.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.8    mph
                                              0
Space mean speed for all vehicles,           S  = 61.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               6 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           1900           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1010           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        1900        1010                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                528         281                   v
Trucks and buses                       21          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.905       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2333        1190                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  1400   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3523          7200            No
      FO
     v     v               933  pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1400          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   20.1    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.317
                                              S
Space mean speed in ramp influence area,     S  = 61.1    mph
                                              R
Space mean speed in outer lanes,             S  = 68.4    mph
                                              0
Space mean speed for all vehicles,           S  = 62.9    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               7 US-56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2910           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              500            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2910        500                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                808         139                   v
Trucks and buses                       17          9                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.881
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3508        631                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.643   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2482   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                3508          7200            No
      Fi   F
     v  = v - v            2877          7200            No
      FO   F   R
     v                     631           2000            No
      R
     v     v               1026 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2482          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   18.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence B

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.485
                                              S
Space mean speed in ramp influence area,     S  = 56.4    mph
                                              R
Space mean speed in outer lanes,             S  = 76.7    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               8 US-56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3760           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              580            vph
Length of first accel/decel lane            1000           ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3760        580                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1044        161                   v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4533        673                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.605   Using Equation  1
                   FM
                  v  = v  (P  ) =  2745   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5206          7200            No
      FO
     v     v               1788 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2745          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.370
                                              S
Space mean speed in ramp influence area,     S  = 59.6    mph
                                              R
Space mean speed in outer lanes,             S  = 65.4    mph
                                              0
Space mean speed for all vehicles,           S  = 61.5    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Northbound
Junction:               9 Loop Ramp Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2410           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              1350           vph
Length of first accel/decel lane            500            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2410        1350                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                669         375                   v
Trucks and buses                       17          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.922       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          2905        1568                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.591   Using Equation  1
                   FM
                  v  = v  (P  ) =  1718   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4473          7200            No
      FO
     v     v               1187 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                1718          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   27.2    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.390
                                              S
Space mean speed in ramp influence area,     S  = 59.1    mph
                                              R
Space mean speed in outer lanes,             S  = 67.5    mph
                                              0
Space mean speed for all vehicles,           S  = 61.1    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               10 US 56 Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           5620           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     2
Free-Flow speed on ramp                     45.0           mph
Volume on ramp                              1730           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane           500            ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        5620        1730                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1561        481                   v
Trucks and buses                       10          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          6557        1980                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.450   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4040   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                6557          7200            No
      Fi   F
     v  = v - v            4577          7200            No
      FO   F   R
     v                     1980          4100            No
      R
     v     v               2517 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4040          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   20.1    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.476
                                              S
Space mean speed in ramp influence area,     S  = 56.7    mph
                                              R
Space mean speed in outer lanes,             S  = 70.9    mph
                                              0
Space mean speed for all vehicles,           S  = 61.4    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               11 US 56 Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3890           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              940            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3890        940                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1081        261                   v
Trucks and buses                       10          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.952       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4538        1107                  pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2722   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     5645          7200            No
      FO
     v     v               1816 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2722          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   29.8    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.444
                                              S
Space mean speed in ramp influence area,     S  = 57.6    mph
                                              R
Space mean speed in outer lanes,             S  = 65.3    mph
                                              0
Space mean speed for all vehicles,           S  = 59.8    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               12 Gardner Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           4830           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              1610           vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        4830        1610                  vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1342        447                   v
Trucks and buses                       12          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          5689        1869                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.532   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  3900   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                5689          7200            No
      Fi   F
     v  = v - v            3820          7200            No
      FO   F   R
     v                     1869          2000            No
      R
     v     v               1789 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3900          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   30.6    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.596
                                              S
Space mean speed in ramp influence area,     S  = 53.3    mph
                                              R
Space mean speed in outer lanes,             S  = 73.7    mph
                                              0
Space mean speed for all vehicles,           S  = 58.4    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               13 Gardner Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3220           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              400            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3220        400                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                894         111                   v
Trucks and buses                       12          4                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.943       0.943
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3792        471                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    0.600   Using Equation  1
                   FM
                  v  = v  (P  ) =  2275   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4263          7200            No
      FO
     v     v               1517 pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2275          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   21.7    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.326
                                              S
Space mean speed in ramp influence area,     S  = 60.9    mph
                                              R
Space mean speed in outer lanes,             S  = 66.3    mph
                                              0
Space mean speed for all vehicles,           S  = 62.7    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               14 Waverly Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  3
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3620           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              610            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3620        610                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                1006        169                   v
Trucks and buses                       15          2                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.971
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4324        698                   pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    0.620   Using Equation  5
                   FD
                  v  = v  + (v - v ) P  =  2945   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4324          7200            No
      Fi   F
     v  = v - v            3626          7200            No
      FO   F   R
     v                     698           2000            No
      R
     v     v               1379 pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                2945          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   22.4    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.491
                                              S
Space mean speed in ramp influence area,     S  = 56.3    mph
                                              R
Space mean speed in outer lanes,             S  = 75.3    mph
                                              0
Space mean speed for all vehicles,           S  = 61.2    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               15 Waverly Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3010           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              350            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3010        350                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                836         97                    v
Trucks and buses                       15          3                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.930       0.957
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3595        406                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3595   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     4001          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3595          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   31.5    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.478
                                              S
Space mean speed in ramp influence area,     S  = 56.6    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 56.6    mph
_______________________________________________________________________________

                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Diverge Analysis______________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               16 Sunflower Exit
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Diverge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           3360           vph

_________________________________Off Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-Flow speed on ramp                     35.0           mph
Volume on ramp                              850            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent ramp                                    vph
Position of adjacent ramp
Type of adjacent ramp
Distance to adjacent ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        3360        850                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                933         236                   v
Trucks and buses                       16          23                    %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                             0.00    %   0.00    %           %
     Length                            0.00    mi  0.00    mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.743
Driver population factor, fP           1.00        1.00
Flow rate, vp                          4032        1270                  pcph

_________________________Estimation of V12 Diverge Areas_______________________

                  L  =            (Equation 25-8 or 25-9)
                   EQ
                  P  =    1.000   Using Equation  0
                   FD
                  v  = v  + (v - v ) P  =  4032   pc/h
                   12   R     F   R   FD

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v  = v                4032          4800            No
      Fi   F
     v  = v - v            2762          4800            No
      FO   F   R
     v                     1270          2000            No
      R
     v     v               0    pc/h     (Equation 25-15 or 25-16)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-18)
         12A

______________________Flow Entering Diverge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                4032          4600                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density,               D = 4.252 + 0.0086 v  - 0.009  L   =   31.7    pc/mi/ln 
                        R                  12          D
Level of service for ramp-freeway junction areas of influence D

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 D  = 0.542
                                              S
Space mean speed in ramp influence area,     S  = 54.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 54.8    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps



                      HCS+: Ramps and Ramp Junctions Release 5.21

Phone:                                     Fax:
E-mail:

_________________________________Merge Analysis________________________________

Analyst:                Tom Hiles
Agency/Co.:             HDR Inc.
Date performed:         4/2/2008 9:27:05 AM
Analysis time period:   PM
Freeway/Dir of Travel:  I-35 Southbound
Junction:               17 Sunflower Entr
Jurisdiction:           KDOT
Analysis Year:          2030
Description:  NEPA Traffic Study

__________________________________Freeway Data_________________________________

Type of analysis                            Merge
Number of lanes in freeway                  2
Free-flow speed on freeway                  70.0           mph
Volume on freeway                           2510           vph

__________________________________On Ramp Data_________________________________

Side of freeway                             Right
Number of lanes in ramp                     1
Free-flow speed on ramp                     35.0           mph
Volume on ramp                              190            vph
Length of first accel/decel lane            800            ft
Length of second accel/decel lane                          ft

_________________________Adjacent Ramp Data (if one exists)____________________

Does adjacent ramp exist?                   No
Volume on adjacent Ramp                                    vph
Position of adjacent Ramp
Type of adjacent Ramp
Distance to adjacent Ramp                                  ft

____________________Conversion to pc/h Under Base Conditions___________________

Junction Components                    Freeway     Ramp        Adjacent
                                                               Ramp
Volume, V (vph)                        2510        190                   vph
Peak-hour factor, PHF                  0.90        0.90
Peak 15-min volume, v15                697         53                    v
Trucks and buses                       16          6                     %
Recreational vehicles                  0           0                     %
Terrain type:                          Level       Rolling
     Grade                                     %           %           %
     Length                                    mi          mi          mi
Trucks and buses PCE, ET               1.5*        2.5
Recreational vehicle PCE, ER           1.2*        2.0

Heavy vehicle adjustment, fHV          0.926       0.917
Driver population factor, fP           1.00        1.00
Flow rate, vp                          3012        230                   pcph

_________________________Estimation of V12 Merge Areas_________________________

                  L  =            (Equation 25-2 or 25-3)
                   EQ
                  P  =    1.000   Using Equation  0
                   FM
                  v  = v  (P  ) =  3012   pc/h
                   12   F   FM

_______________________________Capacity Checks_________________________________

                           Actual        Maximum         LOS F?
     v                     3242          4800            No
      FO
     v     v               0    pc/h     (Equation 25-4 or 25-5)
      3 or  av34
Is   v     v      > 2700 pc/h?           No
      3 or  av34
Is   v     v      > 1.5 v  /2            No
      3 or  av34         12
If yes, v    =                           (Equation 25-8)
         12A

________________________Flow Entering Merge Influence Area_____________________
                      Actual        Max Desirable         Violation?
     v                3012          4400                  No
      12                                                                      !
_________________Level of Service Determination (if not F)_____________________

Density, D = 5.475 + 0.00734 v  + 0.0078 v   - 0.00627 L   =   25.6    pc/mi/ln
          R                   R           12            A
Level of service for ramp-freeway junction areas of influence  C

_____________________________Speed Estimation__________________________________

Intermediate speed variable,                 M  = 0.365
                                              S
Space mean speed in ramp influence area,     S  = 59.8    mph
                                              R
Space mean speed in outer lanes,             S  =  N/A    mph
                                              0
Space mean speed for all vehicles,           S  = 59.8    mph
_______________________________________________________________________________

2030 Wellsville North Alternative - PM Peak Hour - HCS Freeway Ramps
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 After treatment articles, attached. 



News

www.thelancet.com/oncology   Vol 13   July 2012 663

In June, 2012, 24 experts from seven 
countries met at the International 
Agency for Research on Cancer 
(IARC; Lyon, France) to assess the 
carcinogenicity of diesel and gasoline 
engine exhausts, and some nitroarenes. 
These assessments will be published as 
Volume 105 of the IARC Monographs.1

Diesel engines are used for on-road 
and non-road transport (eg, trains, 
ships) and (heavy) equipment in 
various industrial sectors (eg, mining, 
construction), and in electricity gener-
ators, particularly in developing coun-
tries. Gasoline engines are used for 
cars and hand-held equipment (eg, 
chainsaws). 

Emissions from these engines are 
complex, with varying composition. 
The gas phase consists of carbon 
monoxide, nitrogen oxides, and volatile 
organic compounds such as benzene 
and formaldehyde. Particles consist 
of elemental and organic carbon, 
ash, sulfate, and metals. Polycyclic 
aromatic hydrocarbons and nitroarenes 
are distributed over the gas and the 
particle phase. The qualitative and 
quantitative composition of exhausts 
depends on the fuel, the type and age 
of the engine, the state of its tuning 
and maintenance, the emission control 
system, and pattern of use. Diesel-
engine exhaust from engines with no 
or limited emission controls contains 
more particulate matter.2

In the past two decades, progressively 
tighter emission standards for on-
road vehicles, introduced in North 
America, Europe, and elsewhere, have 
triggered advances in diesel technology 
that resulted in lower emission of 
particulate matter, nitrogen oxides, and 
hydrocarbons. Emission standards in 
non-road applications are lagging and 
therefore are still largely uncontrolled 
today. Moreover, in many less 
developed countries standards are not 
in place for both on-road and non-road 
use of diesel and gasoline engines.

The most infl uential epidemiological 
studies assessing cancer risks 
associated with diesel-engine exhausts 
investigated occupational exposure 
among non-metal miners, railroad 
workers, and workers in the trucking 
industry.  The US miners study included 
a cohort analysis3 and a nested case–
control analysis that was adjusted 
for tobacco smoking.4 Both showed 
positive trends in lung cancer risk with 
increasing exposure to diesel exhaust, 
as quantifi ed via estimated elemental 
carbon as a proxy of exposure. Trends 
were signifi cant in the nested case–
control study, with a 2–3-fold increased 
risk in the highest categories of 
cumulative or average exposure. This 
study provides some of the strongest 
evidence of an association between 
exposure to diesel-engine exhaust 
and lung cancer since there were few 
potential confounding exposures in 
these underground mines, and high 
diesel exposures were well documented 
in current surveys.

In another US study,5 a 40% 
increased risk for lung cancer was 
observed in railroad workers exposed 
to diesel exhaust compared with 
individuals exposed to low levels of or 
no emissions. Indirect adjustment for 
smoking suggested that diff erences 
in smoking could not have infl uenced 
this excess risk substantially. This study 
was later extended by estimating diesel 
exposure on the basis of work history 
and history of dieselisation of diff erent 
railroads, and showed a signifi cantly 
increased risk for exposed workers of 
70–80%; risk increased with duration 
of exposure but not with cumulative 
exposure.6 

A large cohort study in the US 
trucking industry7 reported a 15–40% 
increased lung cancer risk in drivers 
and dockworkers with regular 
exposure to diesel exhaust. There was 
a signifi cant trend of increasing risks 
with longer duration of employment, 

with 20 years of employment roughly 
doubling the risk after adjusting for 
tobacco smoking. When this study 
was extended with an exposure 
assessment involving con temp orary 
measurements and exposure re-
construction on the basis of elemental 
carbon, positive trends were observed 
for cumulative but not average 
exposure. These trends were more 
pronounced when adjustment for 
duration of work was included.8 

The fi ndings of these cohort studies 
were supported by those in other 
occupational groups and by case–
control studies including various 
occupations involving exposure 
to diesel-engine exhaust. A posi-
tive exposure–response relationship 
was found in several studies from 
Europe and the USA, many of which 
were adjusted for tobacco smoking. 
Most notably, a pooled analysis of 
11 population-based case–control 
studies from Europe and Canada 
showed a smoking-adjusted increased 
risk for lung cancer after exposure 
to diesel engine exhaust, which was 
assessed by a job exposure matrix, and 
a positive dose response in terms of 
both a cumulative exposure index and 
duration of exposure.9 

These epidemiological studies sup-
port a causal association between 
exposure to diesel-engine exhaust 
and lung cancer. An increased risk 
for bladder cancer was also noted in 
many but not all available case–control 
studies. However, such risks were 
not observed in cohort studies. The 
Working Group concluded that there 
was “suffi  cient evidence” in humans 
for the carcinogenicity of diesel-engine 
exhaust. 

The diesel-engine exhausts and 
their extracts used in carcinogenicity 
studies with experimental animals 
were generated from fuels and diesel 
engines produced before 2000. The 
studies were considered by type of 
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exposure: whole diesel-engine exhaust; 
gas-phase diesel-engine exhaust (with 
particles removed); and extracts of 
diesel-engine exhaust particles. Whole 
diesel-engine exhaust caused an 
increased incidence of lung tumours in 
rats.10 Diesel-engine exhaust particles 
instilled intratracheally caused benign 
and malignant lung tumours in rats,11 
and the particle extracts also caused 
lung carcinomas in rats and sarcomas at 
the injection site in mice.12,13 Gas-phase 
diesel-engine exhaust did not increase 
incidence of respiratory tumours in 
any species tested. The Working Group 
concluded that there was “suffi  cient 
evidence” in experimental animals for 
the carcinogenicity of whole diesel-
engine exhaust, of diesel-engine 
exhaust particles and of extracts of 
diesel-engine exhaust particles.   

Diesel-engine exhaust, diesel-
exhaust particles, diesel-exhaust 
condensates, and organic solvent 
extracts of diesel-engine exhaust 
particles induced, in vitro and in 
vivo, various forms of DNA damage, 
including bulky adducts, oxidative 
damage, strand breaks, unscheduled 
synthesis, mutations, sister chromatid 
exchange, morphological cell trans-
forma tion in mammalian cells, and 
mutations in bacteria.14 Increased 
expression of genes involved in xeno-
biotic metabolism, oxidative stress, 
infl ammation, antioxidant response, 
apoptosis, and cell cycle in mammalian 
cells was observed. 

Positive genotoxicity biomarkers 
of exposure and eff ect were also 
observed in humans exposed to 
diesel engine exhaust. The Working 
Group concluded that there is “strong 
evidence” for the ability of whole 
diesel-engine exhaust to induce cancer 
in humans through genotoxicity.

Gasoline exhaust and cancer 
risk was investigated in only a few 
epidemiological studies and, because 
of the diffi  culty to separate eff ect of 
diesel and gasoline exhaust, evidence 
for carcinogenicity was evaluated as 
“inadequate”.

The Working Group considered 
the animal carcinogenicity studies 
of gasoline-engine exhaust by type 
of exposure: whole gasoline-engine 
exhaust; and extracts of gasoline-
engine exhaust condensate. Organic 
extracts of gasoline engine-exhaust 
condensate induced a signifi cant 
increase in lung carcinomas and 
papillomas of the skin in mice.15 In 
rats, the gasoline-exhaust condensate 
induced a signifi cant increase in lung 
carcinomas.16 The Working Group 
concluded that there was “suffi  cient 
evidence” in experimental animals for 
the carcinogenicity of condensates of 
gasoline-engine exhaust.   

 Gasoline-engine exhaust induced 
chromosomal damage in mice, and 
changes in gene expression in rat 
lung that involved pathways related 
to xenobiotic metabolism and 
infl ammation. In mammalian cells, 

gasoline-engine exhaust particles 
and organic extracts thereof induce 
DNA adducts, DNA strand breaks, 
oxidative DNA damage, chromosomal 
aberrations, and morphological 
cell transformation, as well as gene 
mutations in bacteria. In mammalian 
cells, extracts of gasoline-exhaust 
engine particles altered expression 
of genes involved in infl ammation, 
xenobiotic metabolism, tumour 
progression, and cell cycle. The gaseous 
phase of gasoline-engine exhaust was 
mutagenic to bacteria. The Working 
Group concluded that there is “strong 
evidence” for a genotoxic mechanism 
for the carcinogenicity of organic 
solvent extracts of particles from 
gasoline engine exhaust.

In conclusion, the Working Group 
classifi ed diesel engine exhaust 
as “carcinogenic to humans” 
(Group 1) and gasoline engine exhaust 
as “possibly carcinogenic to humans” 
(Group 2B).

Evaluations for ten nitroarenes, 
all of which have been detected in 
diesel-engine exhaust, are shown 
in  the table. Biomonitoring studies 
have shown that workers and the 
general population are exposed to 
these substances.17–19 All the nitro-
arenes were genotoxic to various 
extents in diff erent assays. The 
Working Group reaffi  rmed the Group 
2B classifi cation of seven. Strong 
evidence for genotoxicity led to an 
upgrade of 3-nitrobenzanthrone 
to Group 2B, and similar fi ndings 
in human cells led to an upgrade of 
1-nitropyrene and 6-nitrochrysene 
to Group 2A. 
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Evidence of carcinogenicity 
in experimental animals

Mechanistic 
evidence

Overall 
evaluation

3,7-Dinitrofl uoranthene Suffi  cient Weak 2B

3,9-Dinitrofl uoranthene Suffi  cient Weak 2B

1,3-Dinitropyrene Suffi  cient Weak 2B

1,6-Dinitropyrene Suffi  cient Moderate 2B

1,8-Dinitropyrene Suffi  cient Moderate 2B

3-Nitrobenzanthrone Limited Strong 2B*

6-Nitrochrysene Suffi  cient Strong 2A*

2-Nitrofl uorene Suffi  cient Weak 2B

1-Nitropyrene Suffi  cient Strong 2A*

4-Nitropyrene Suffi  cient Moderate 2B

*Strong mechanistic evidence contributed to the overall evaluation.

Table: Evaluation of some nitroarenes
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a b s t r a c t

Increasing epidemiological evidence has established an association between a host of adverse health
effects and exposure to ambient particulate matter (PM) and co-pollutants, especially those emitted from
motor vehicles. Although PM and their co-pollutants dispersion profiles near the open freeway have been
extensively characterized by means of both experimental measurements and numerical simulations in
recent years, such investigations near freeways with roadside barriers have not been well documented in
the literature. A few previous studies suggested that the presence of roadside structures, such as noise
barriers and vegetation, may impact the decay of pollutant concentrations downwind of the freeway by
limiting the initial dispersion of traffic emissions and increasing their vertical mixing due to the upward
deflection of airflow. Since the noise barriers are now common roadside features of the freeways,
particularly those running through populated urban areas, it is pertinent to investigate the impact of
their presence on the particles and co-pollutants concentrations in areas adjacent to busy roadways.
This study investigated two highly trafficked freeways (I-710 and I-5) in Southern California, with two
sampling sites for each freeway, one with and the other without the roadside noise barriers. Particle size
distributions and co-pollutants concentrations were measured in the immediate proximity of freeways
and at different distances downwind of the freeways. The results showed the formation of a “concen-
tration deficit” zone in the immediate vicinity of the freeway with the presence of roadside noise barrier,
followed by a surge of pollutant concentrations further downwind at 80e100 m away from freeway.
The particle and co-pollutants concentrations reach background levels at farther distances of 250e400 m
compared to 150e200 m at the sites without roadside noise barriers.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, several toxicological studies have reported the
ability of particulatematter (PM) to generate reactive oxygen species
in biological systems (Sagai et al., 2000; Donaldson et al., 2002; Xia
et al., 2004) and these pro-oxidant species are intimately linked to
the genesis of pulmonary (Li et al., 2009) and cardiovascular (Delfino
et al., 2005) injury, and even neurodegenerative disorders
(Campbell, 2004; Peters et al., 2006). In urban areas, the primary
source of ambient PM and their co-pollutants come from motor
vehicles and traffic-induced emissions (Ning and Sioutas, 2010),
which raises serious health concerns for the part of the population
who live and/or work in the communities nearby busy roadways or
spend several hours daily commuting. Several epidemiological

studies have reported a strong and positive association between
a community’s proximity to highly trafficked roadways and the risk
of adverse health effects among the population in the community,
including asthma and other respiratory diseases (Delfino, 2002;
McConnell et al., 2006), birth and developmental defects (Ritz and
Yu, 1999; Wilhelm and Ritz, 2003), cardiovascular diseases (Peters
et al., 2004; Delfino et al., 2005) and childhood cancer such as
leukemia (Harrison et al., 1999; Pearson et al., 2000).

Particle and gaseous pollutants dispersion profiles near open
freeways have been well documented by means of both experi-
mental measurements and numerical simulations in recent years.
One of the first such attempts was undertaken by Zhu et al. (2002a,
b) in the vicinity of Interstate 405 and 710 freeways in Southern
California. It was observed that the particle number and CO
concentrations decreased exponentially, and particle size distri-
butions shifted towards larger particle diameters as the aerosols
were transported away from freeway, which the authors attributed
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to particle coagulation and turbulent dispersion. Similar experi-
mental investigations were also carried out in other cities around
the world (Gramotnev and Ristovski, 2004; Zhu et al., 2009). On the
other hand, several modeling studies have attempted to explain the
particles evolution near roadways (Jacobson and Seinfeld, 2004;
Zhang et al., 2004; Jacobson et al., 2005). Zhang et al. (2004) used
a multi-component aerosol dynamic model to fit the measurement
data from Zhu et al. (2002a) studies and demonstrated that
condensation/evaporation and dilution were the major mecha-
nisms in altering aerosol size distribution downwind the freeway. A
recent study by Jacobson et al. (2005) suggested that evaporation
causes smaller semi-volatile particles to shrink in size and thus
enhanced their coagulation rate, which played an important role in
the near-source evolution of particle size distribution.

Although these experimental and modeling studies have charac-
terized the roadside particle and co-pollutants dispersion profiles
quite extensively, the roadways under investigation were often open
-field without considering any roadside obstacles. These roadside
structures, such as noise barrier, vegetation and buildings, may
affect the characterization of pollutants decay profiles downwind of
roadway by limiting or blocking the initial dispersion of traffic-
induced emissions from roadway and increasing their verticalmixing
due to the upward deflection of airflow caused by the obstacles
(Holscher et al., 1993; Heist et al., 2009). Given that the noise barriers,
built to reduce noise levels in areas nearby roadways, are common
roadside features of highly trafficked freeways, particularly those
running throughdensely populated areas, it is pertinent to investigate
the effect of their roadside presence on particles and co-pollutants
concentration levels in areas adjacent to the busy roadways.

Few recent studies demonstrated that a recirculation cavity,
consisting of well-mixed and substantially lower concentrations of
pollutants, exists in the lee of the roadside barrier (Holscher et al.,
1993; Bowker et al., 2007; Baldauf et al., 2008b). This “concentra-
tion deficit zone” can extend from3 tomore than 20 times the barrier
heights depending on the meteorological conditions and barrier
configurations (Baldauf et al., 2008b; Heist et al., 2009). Modeling
studies also suggested the existence of a “hot” zone at further
distances downwind of the recirculation wake region, where the
pollutant concentrations are higher than at an equivalent distance in
an open areawithout barrier, due to the vertical elevation of roadway
emissions source by the barrier and the subsequent reattachment
of airflow further downwind (Bowker et al., 2007). Based on the
previous investigations, the present study employed an intensive
sampling campaign and examined the impact of the roadside noise
barrier on the dispersion profiles of particles and co-pollutants from
freeway emissions. In this study, we selected two major freeways
in Southern California (I-710 and I-5) with different traffic fleet
compositions. For each freeway, we have selected two sampling sites
featured with- and without roadside noise barrier, respectively.
The particle size distribution and co-pollutants concentrations were
measured at different distances downwind of the freeways to
investigate the effect of noise barrier on the decay of their concen-
trations and the evolution of particle size distributions from traffic-
induced emissions. The results of the current study, based on real-
world experimental measurement, provide direct evidence that the
existence of roadside noise barrier dramatically alters the dynamics
of particle and co-pollutants dispersion and the spatial distribution of
pollutants concentrations in the areas nearby the freeways.

2. Experimental methodology

2.1. Site locations

An intensive summer sampling campaign has been carried out
in the present study during JuneeJuly, 2009 to investigate the

impact of roadside noise barrier on the dispersion profile of parti-
cles and co-pollutants emitted from freeways. Two highly trafficked
freeways in greater Los Angeles area (I-710 and I-5) were selected,
with two sampling sites (one with roadside noise barrier and the
other without) located along the span of each freeway. At each of
the four sites, a stationary sampling station was set up located
in the immediate proximity of the freeways to characterize the
freeway emissions, while a mobile platform was deployed along
the trajectories downwind of the traffic emissions from freeway to
collect ambient data at varying distances. Fig. 1 (a, b, c and d) shows
the location of the four sampling sites and the route of the mobile
platform at the downwind area of the selected freeways.

The I-710 non-noise barrier site (Fig. 1a) is located in the stretch
of the freeway in Downey, CA. Any major roadway in the upwind
direction of the stationary sampling station was at distance greater
than 1 km. The inlet of the sampling instruments was extended to
as close as 2 m from the freeway edge. The location of the station
and the route of the mobile platform are also highlighted in Fig. 1a.
I-710 noise barrier site (Fig. 1c) was located 2 km north of the non-
noise barrier site in a residential neighborhood in Bell Gardens, CA,
with no major roadways, other than the freeway, upwind to about
1 km from the stationary sampling station. The station was set up
on the freeway curbside and the inlet reached over the noise barrier
into the freeway with a short distance of 2 m from the freeway
edge. The barrier was 3.7 m in height as measured above the
adjacent surface road next to the noise barrier and extended more
than few hundred meters from the site in both north and south
bound sections along the freeway. The mobile platform route
downwind of the freeway is identified in the Fig. 1c.

The I-5 non-noise barrier site (Fig.1b)was located in the stretch of
the freeway near LaMirada, CA. Therewere no othermajor roadways
upwind of the sampling site other than the freeway and the vicinity
of the sampling site is mainly comprised of office buildings without
immediate industrial sources nearby. The stationary sampling loca-
tion was set next to the freeway curb with the inlet reaching within
0.5 m to the edge. The noise barrier site in I-5 (Fig. 1d) was located in
a residential neighborhood, with the roadside noise barrier extend-
ing for hundreds meters along the freeway north of the sampling
location. The height of the noise barrier at the site was 5.2 m as
measured above the adjacent surface road next to the noise barrier.
The inlet of the stationary sampling station was extended over the
barrier and reached into the freeway zonewith offset about 4m from
the edge of the freeway.

2.2. Instrumentation

Two sampling instrument sets were deployed simultaneously,
one at the stationary sampling station and the other in the mobile
platform. A list of the instruments at both sampling stations with
their data resolution is shown in Table 1. The stationary station set
up included a Scanning Mobility Particle Sizer (Model 3080, TSI)
configured to measure the particle size distribution in the size range
of 10e225nm. Particle-bound black carbon (BC) and co-pollutants of
carbonmonoxide (CO) and nitrogen dioxide (NO2) concentrations in
the immediate proximity of freeway were also measured at the
station. A camera was set up on top of the sampling station to
capture the traffic on the freewayand anultrasonic anemometerwas
set up at a height of 4 m above the freeway road surface at all of the
four sampling sites to collect meteorological data. For the noise
barrier sites, the probe was placed upwind of the barrier to avoid
possible interferences of the barrier on the measurements.

Themobile platform is a 1998 electric Toyota RAV4 SUV equipped
with various on boardmonitoring instruments. The same vehicle has
been used in many previous studies (Westerdahl et al., 2005;
Fruin et al., 2008; Kozawa et al., 2008) in Southern California.

Z. Ning et al. / Atmospheric Environment 44 (2010) 3118e3127 3119



The sampling inlet consists of a 6-inch diameter galvanized steel
duct, located 1.5m above the roadway in the rear passenger space of
the vehicle. The particle size distributions data (6e523 nm) were
collected using aFast Mobility Particle Sizer(Model 3091, TSI).
Particle-bound black carbon and co-pollutants (CO, NO2) concen-
trationsweremeasured simultaneously to calculate their downwind
concentration ratios. A GPS unit was used to record the geocoded
data of the mobile platform to derive its downwind distance from
the freeway. The mobile platform was also equipped with an on
board camera to distinguish a time when the measurements were
impacted by a passing vehicle near the mobile platform.

Quality assurance measures, including flow and zero checks
of all instruments, and regular calibration of gaseous pollutant
monitoring instruments, were carried out before and after the
sampling campaign. The side-by-side test results showed that
two sets of continuous monitoring instruments for CO, NO2 and BC
deployed in the stationary site and in the mobile platform reported

values within 5% of each other. All the instruments ran on
synchronized time at both stationary station and the mobile
platform. The two instrument sets were run side-by-side overnight
at the beginning and end of each sampling period for the four
sampling sites to assess the systematic uncertainty due to the
difference of monitoring instruments and to inspect the time lag
(a consequence of different flow rates, inlet lengths, and instrument
response time) between the actual sampling and the reported time.

2.3. Data processing

All data from the stationary sampling station were downloaded
and exported using proprietary software and data from the mobile
platform were exported to a custom database for all instruments.
Data used for data analysis (specified in Table 2) were chosen from
the sampling time periods with the measured wind direction �45�

from that perpendicular to the freeway, placing the sampling

Fig. 1. Location of the sampling sites: (a) I-710 without roadside barrier; (b) I-5 without roadside barrier; (c) I-710 with roadside barrier; (d) I-5 with roadside barrier. Note: Red dot
represents the stationary sampling station; the yellow lines represent the route of the mobile platform downwind of the freeway.

Table 1
Monitoring instruments deployed in stationary sampling station and the mobile platform.

Measurement Stationary sampling station Mobile platform

Geodata GPS (Garmin GPSmap 76CSx) GPS(Garmin GPSmap 76CSx)
Particle size distribution SMPS: TSI model 3080 (long DMA) w/TSI model 3022A

(CPC) @ 5 min intervals (10e225 nm range)
FMPS: TSI model 3091 @ 20 s intervals
(6e523 nm range)

Particle-bound Black Carbon Aethalometer: Anderson model 14 (dual channel) @ 1 min intervals Aethalometer: Magee Scientific @ 1 min intervals
CO QTrak e TSI model 7565 @ 1 min intervals Teledyne-API model 300E for CO @ 20 s intervals
NO2 Teledyne-API model 200A @ 1 min intervals Teledyne-API Model 200E @ 20 s intervals
Meteorological data 3-D ultrasonic anemometer (RS Young model 81 000) @ 1 min intervals 2-D Ultrasonic anemometer (RS Young) @ 1 s intervals
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locations of the mobile platform in the direct downwind vicinity of
the selected roadway region. The time periods that were influenced
by non-freeway emissions (i.e. a truck passing by the mobile plat-
form) were excluded from the data analysis. GPS tracking data
were exported and converted to determine the mobile platform’s
perpendicular downwind distance to the freeway. The particle size
distribution and other pollutants concentration data at various
downwind distances were segregated into several distance ranges,
and the distance values presented in the X-axis of the figures here-
after represent the midpoint of each distance range. Additional
information is listed in detail in the Supporting information file.
The concentration ratios of NO2, CO, and BC at different downwind
distances of the freeway were determined by normalizing the
downwind data frommobile platformwith their corresponding data
collected from the stationary sampling station. For CO, the data for
the I-5 freeway at the stationary station were not available due to
a malfunctioning instrument, therefore absolute concentrations are
presented. The particle size distribution datawere further segregated
into several size groups to derive their respective number and mass
concentrations at various distances. The particlemass concentrations
were determined by their corresponding particle volume concen-
trations and particle density of 1.2 g cm�3 (Geller et al., 2006).

3. Results and discussion

3.1. Overview of the sampling campaign

Table 2 shows the summary of the meteorological conditions,
traffic volumes and average freeway pollutants concentrations
measured in the immediate proximity of the freeways during the
sampling campaign. Similar temperature and humidity conditions
were observed among different sites. The average wind directions
were in the range of 225 and 233� to the north, placing the selected
sampling sites directly downwindof the freeways, and themeanwind

speed was in the range of 0.9e3.1 m s�1. Traffic data were obtained
from the California Department of Transportation ‘California Freeway
Performance Measurement System’ (PeMS) corresponding to the
sampling periods, and the vehicles on both north and south bound
directions have been counted. The total traffic flows measured on
I-710 and I-5werew12 200 andw8500 vehicles hour�1, respectively,
with a lower truck flow, e.g. heavy duty diesel vehicles, on I-710
(w500 trucks hour�1) than I-5 (w640 trucks hour�1). For the two
sites at the same freeway, the traffic volume and truck composition
were very consistent. The similarity of theirmeteorological and traffic
conditions allows for a direct comparison between the results of the
barrier and non-barrier sites.

The average CO concentrations were 1.5� 0.4 and 1.4� 0.1 ppm
at the two sites in the immediate proximity of I-170 freeway. Their
concentrations near I-5 were not reported in Table 2 due to a mal-
functioning of the instrument. The BC concentrations measured in
the two sites at I-710 freewaywere 11.0� 6.3 and 11.6� 1.4 mgm�3,
comparable to 10.6 � 4.2 and 9.5 � 1.5 mg m�3 measured at I-5. In
comparison to the previous measurement on I-710 freeway
(Westerdahl et al., 2005), in which the BC and CO concentrations
were 12 mgm�3 and 1.9 ppm asmeasuredwhile driving on the same
freeways using a mobile platform, the results from both studies
were very consistent. The average particle number concentrations
measured by SMPS (10e225 nm) at both I-710 sites (1.2� 0.5e5 and
1.1 � 0.2e5 particles cm�3) are higher than those at I-5 sites
(8.0� 3.4e4 and 7.5� 2.4e4 particles cm�3), due to the higher traffic
volume on I-710.

3.2. Evolution of particle size distributions downwind of freeway

Fig. 2a and b show the average particle size distributions at
various distances downwind of I-710 (20, 40, 80, 200 and 450 m)
and I-5 (20, 40, 90, 120, 400 m) freeways without roadside noise
barriers as measured by FMPS (6e523 nm). The size distributions

Table 2
Summary of the meteorological parameters and average pollutant concentrations measured in the immediate proximity of the freeways from stationary sampling station.

Sampling sites I-710 I-5

Non-noise barrier Noise barrier Non-noise barrier Noise barrier

Samping dates and time 06/08/09 (2PMe5PM);
06/09/09 (3PMe7PM)

06/02/09 (1PMe4PM);
06/05/09 (1PMe5PM)

07/06/09 (1PMe4PM);
07/02/09 (12PMe4PM)

06/25/09 (1PMe5PM);
06/29/09 (1PMe5PM)

Total Vehicle Flowa (vehicles hour�1) Average 12 170 12 212 8460 8677
Stdev 563 599 405 300

Truck Flowa (vehicles hour�1) Average 490 516 673 610
Stdev 124 101 136 138

T (�C) Average 21.7 23.7 28.4 25.0
Stdev 0.9 2.3 1.0 4.5

RH (%) Average 57.0 43.3 48.6 51.0
Stdev 4.4 2.5 8.8 3.5

Wind speed (m s�1) Average 2.0 3.1 1.9 0.9
Stdev 0.3 0.5 0.4 0.2

Wind Directionb (deg true N) Average 233 229 225 225
Stdev 16 10 42 25

CO (ppm) Average 1.5 1.4
Stdev 0.4 0.1

BC (mg m�3) Average 11.0 11.6 10.6 9.5
Stdev 6.3 1.4 4.2 1.5

NO2 (ppb) Average 152.2 87.3 93.9 79.3
Stdev 38.0 8.2 31.2 4.9

SMPS Number Concontration (# cm�3) Average 1.2e5 1.1e5 8.0e4 7.5e4
Stdev 5.0e4 2.3e4 3.4e4 2.4e4

SMPS Mass Concentration
(mg m�3) (10e225 nm)

Average 6.4 6.7 7.5 7.2
Stdev 2.4 1.5 3.1 1.7

a The traffic volume and composition data were obtained from California Freeway Performance Measurement System (PeMS) by CalTrans.
b Wind directions perpendicular to roadway are 270 and 225� true N for I-710 and I-5 sites, respectively.
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measured in the immediate proximity of the freeways using the
SMPS (10e225 nm) are also included as subplots in the figures for
comparison. For all plots, the horizontal axis represents particle
size on a log scale while the vertical axis represents normalized
particle number concentration. Data points represent averages
from multiple scans taken at a given sampling location.

As shown in Fig. 2a and b (subplots), the particle size distribu-
tions in the immediate proximity of both freeways displayed a uni-
modal shape, with a distinct peak at approximately 10 nm (e10 nm),
indicating new particle formation by nucleation of supersaturated
semi-volatile organic vapors in the exhaust (Alam et al., 2003).
Shortly after highly concentrated vapors (i.e. semi-volatile organic
compounds) are emitted from the tailpipe of vehicles on freeway, the
rapid cooling in the atmosphere causes them to nucleate and form
large numbers of nucleation mode particles (Zhang and Wexler,
2004). The peak modal concentrations at w10 nm are 2.7e5 and
2.0e5 particles cm�3 for I-710 and I-5 freeways, respectively.

As particles were transported away from the freeway, the
particle size distributions changed markedly, with a dramatic
decrease in the number concentrations. In Fig. 2a, the particle
number concentrations at w10 nm were 1.7e5, 1.3e5 and 7.9e4
particles cm�3, at 20 m, 40 m, and 80 m, respectively, which
accounted for only 63%, 48%, and 29% of that measured in the
immediate proximity of freeway. Similar observations were also
reported by Zhu et al. (2002b) near another freeway (I-405) in
Southern California. Several atmospheric processes may contribute
to this significant change in size distribution and concentration,
including particle evaporation and diffusion (Hinds, 1999) and
semi-volatile vapor condensation (Zhang et al., 2004). Due to their
small size, particles of 10 nm have much higher diffusion coeffi-
cients than larger particles, and the dynamics of their evaporation
are more pronounced due to the “Kelvin effect” (Hinds, 1999). The
evaporated organic vapors, in addition to those from fresh vehicle
emissions, may also condense onto pre-existing particles and form

larger size particles. Although it was hypothesized the collision
of small particles by coagulation may contribute to the deceasing
particle number concentration (Zhu et al., 2002b), previous
experimental measurement (Shi et al., 1999) and theoretical studies
(Vignati et al., 1999; Zhang et al., 2004) have indicated that the role
of coagulation is rather negligible in affecting the overall decay in
particle concentration. At 200 m, the particle size distribution
displays a broad shoulder between 20 and 50 nm, similar to that
measured at 450 m, a clear indication that the particle concentra-
tions have reached background levels at 200 m where the size
distributions no longer change significantly with distance.

On the other hand, Fig. 2b shows the particle size distributions at
various distances downwind of the I-5 freeway. In contrast to the
observations near I-710, the particle size distributions displayed
a consistent bimodal trend. The first mode appeared at w10 nm,
similar to the measurement near I-710 freeway, while there existed
a distinct second mode in the larger size range of 30e50 nm. At
20m, the modal concentration atw10 nmwas 8.3e4 particles cm�3,
nearly half of that measured in the immediate proximity of the
freeway, indicating rapid dilution and the associated particle evap-
oration and diffusional loss. Compared with the corresponding
downwind distance of I-710 freeway, the w10 nm modal concen-
tration is significantly lower at the I-5 site, whereas the second peak,
observed at around 35 nm, has similar concentrations at sites near
both freeways, resulting in a pronounced dip at w25 nm in the
bimodal distributions at the I-5 sites. The lower nucleation mode
particle concentrations indicate a lower strength of fresh traffic
emissions at the I-5 freeway, withmuch lower traffic flow than the I-
710 (w8500 vehicles hour�1 on I-5 versusw12 200 vehicles hour�1

on I-710). As the particles are further transported away from the
freeway, particle number concentrations gradually decrease at both
modes, and the second mode is shifted from 34 nm (at 20 m) to
about 40 nm (at 120 m), indicating the possibility of small particle
evaporation and vapor condensation onto pre-existing particles

Fig. 2. Particle size distributions measured at various distances downwind of freeway using FMPS (6e523 nm) and in the immediate proximity of freeway using SMPS (10e225 nm)
shown as subplot: (a) I-710 without roadside barrier; (b) I-5 without roadside barrier; (c) I-710 with roadside barrier; (d) I-5 with roadside barrier.
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(Shi et al., 1999; Zhang et al., 2004) as well as possible coagulation
at different dilution conditions (Hinds, 1999; Zhu et al., 2002b).
At 120 m, the nucleation mode particles at w10 nm reached
a concentration of 3.6e4 particles cm�3, similar to the background
level at 450 m; however, number concentration of particles at the
larger size mode of 39 nm continued to drop after 120 m until it
reached background levels at 400 m. Nucleation mode particles
have a shorter residence time in the atmosphere, so they decay
much faster and reach background levels at a shorter distance than
larger particles (Raes et al., 2000).

Fig. 2c and d show the average particle size distributions at
various distances downwind of the sections of I-710 (15, 40, 100,
200, 400 m) and I-5 (15, 40, 80, 150, 250 m) freeways with roadside
noise barriers. Compared with the non-barrier sites, the particle
size distributions and number concentrations were consistent at
the same freeway when the traffic volume and fleet composition
were relatively consistent during the days of sampling. As shown
in both figures, with increasing downwind distance from the
freeways, the evolution of particle size distributions displayed
a dramatically different pattern with those at the non-barrier sites:
the size distribution at distances close to the freeway (15 m) in the
barrier sites showed significantly lower number concentrations
for both freeways, while the peak size distribution and particle
concentrations appeared at further downwind distances of
80e100 m, followed by a gradual decrease in concentrations until
they reached background levels at beyond 250 m.

As shown in Fig. 2c, at 15 m downwind of I-710 freeway, particle
size distributions displayed a uni-modal trend, with a slight peak
at 10 nm and a broad shoulder at 16e19 nm. The 10 nm modal
concentration is 5.7e4 particles cm�3, i.e. significantly lower than
that (1.7e5 particles cm�3)measured at a similar downwind distance
(20m)without roadside noise barriers, as shown in Fig. 2a. A similar
trend was also observed at 15 m downwind of I-5 with a roadside
barrier (shown in Fig. 2d) where the peak modal number concen-
tration at 10 nm was 3.1e4 particles cm�3, 64% lower than that
(8.5e4 particles cm�3) measured at 20m fromnon-noise barrier site.
Modeling results have shown that the presence of a roadside
noise barrier alters the dispersion patterns of traffic emissions and
the trajectory of particles traveling downwind from their source
(Bowker et al., 2007). The freeway vehicular emissions travel upward
from the road level due to the presence of the roadside barrier,
effectively inducing an “elevated” source. In the lee of the roadway
noise barrier, vertical mixing occurs due to strong turbulence (Finn
et al., 2010) creating a well-mixed downwind side zone with rela-
tively lower pollutant concentrations. Depending on the road
configuration andmeteorological conditions, the recirculation cavity
mayextend from3 to 20 times thenoise barrier height (Baldauf et al.,
2008b; Heist et al., 2009). The particle number concentration deficits
observed in the downwind vicinity of the noise barrier strongly
support the existence of a recirculation cavity as reported in litera-
ture (Bowker et al., 2007; Baldauf et al., 2008b; Finn et al., 2010).

With increasing downwind distance from freeways, particle
number concentrations gradually increased and the nucleation
mode at w10 nm became more pronounced, indicating the
diminishing of the recirculation cavity and the increasing influence
of freeway emissions. At 40 m, the modal concentration atw10 nm
was 1.2e5 and 6.8e4 particles cm�3 for I-710 and I-5 freeway,
respectively, about two times higher than those measured at
10e15 m. As the particles are further transported away from the
recirculation cavity, the elevated source follows its trajectory and
the plume gradually reattaches to the ground (Bowker et al., 2007).
The peak size distribution and number concentration were
observed at 100 m and 80 m for the I-710 and I-5 freeway, respec-
tively. For the I-710, the modal concentration of 10 nm at 100 m is
2.2e5 particles cm�3, 55% of that measured in the immediate

proximity of freeway (4.0e5 particles cm�3). The uni-modal particle
size distribution at 100 m also resembles that observed at 20 m
near non-barrier I-710 freeway (Fig. 2a). It displays a similar level of
nucleation mode peak concentrations, thus indicating similar
dilution -induced particle evaporation and a more pronounced
shoulder at 19 nm, which may be attributed to re-condensation
of the evaporated semi-volatile species, as argued by Zhang et al.
(2004). This is also confirmed by similar observations at the I-5
freeway, where the particle size distribution at 80 mwith roadside
barriers (Fig. 2d) has a broader second mode ate30 nm (7.0e4 par-
ticles cm�3), in contrast to the corresponding peak at 20 m
(5.0e4 particles cm�3) near non-barrier I-5 (Fig. 2b). In comparison
to similar downwind distance between the sites, the total number
concentration at 100 m downwind of freewaywith roadside barrier
was 1.9 and 2.2 times of that at 80e90 m for non-barrier I-710 and
I-5 freeway, respectively. Previous investigations have shown that
particle number concentrations reach the background levels at
a distance of 100e200m downwind of freeway, depending onwind
speed and meteorological conditions (Zhu et al., 2002b).
The observations made in this study indicate that the presence of
roadside noise barriers dramatically changes particles dispersion
profiles and affects their concentrations distribution downwind of
the freeway. At 200 m downwind of I-710 with roadside barriers,
particle size distribution still displays a sharp uni-modal shape,
with peak concentrations of 1.4e5 particles cm�3 at 10 nm, which is
2.5 times the background level measured at 200 m for the I-710 site
without roadside barrier. A similar observation can also be made
for the I-5 freeway at 150 m downwind of the barrier, where the
w10 nm modal concentration is 1.6 times that measured at corre-
sponding distance of 120 m for the non-barrier I-5 sites.

As the particles traveled further downwind at 400 m near I-710,
the particle size distribution and number concentration reached
the background level as shown in Fig. 2c. The much longer down-
wind distance (400 m versus 200 m) needed to reach background
levels indicates a larger impact zone from traffic emission sources
for freeway sections featured with roadside noise barriers. For I-5
freeway with roadside barrier, the background level of particle size
distribution and concentrations was reached at 250 m, as shown in
Fig. 2d. The difference of the needed distances to reach background
levels between the two freeways may be explained by the higher
initial particle number concentration at the I-710, thus the longer
time necessary for it to decrease to background concentrations.

3.3. Particle number and concentrations at different
downwind distances

Fig. 3 shows the particle number (primary Y axis) and mass
concentrations (secondary Y axis) with increasing downwind
distances of the freeways without (Fig. 3a and b) and with (Fig. 3c
and d) roadside noise barriers. The data points at x ¼ 0 m represent
the average number/mass concentrations in the immediate
proximity of the freeways derived from SMPS (10e225 nm) while
data points beyond x ¼ 0 m represent average number/mass
concentration downwind of the freeways as derived from FMPS
measurement (6e523 nm). The corresponding error bars denote
one standard deviation of measured particle number or mass
concentration. Due to the different size ranges of the measure-
ments, the data points derived from FMPS and SMPS were plotted
separately in the figures for clarity.

As shown in Fig. 3a and b, total particle number concentrations
measured in the immediate proximity of I-710 (1.2e5 particles cm�3)
were higher than I-5 freeway (8.0e4 particles cm�3) due to the higher
total traffic volume on the I-710. As the downwind distance
increased, the number concentrations decayed exponentially due
to the evaporation of semi-volatile particles and the diffusion of
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nucleation mode particles, as discussed in detail in the previous
section. The concentrations reached background levels within 200m
and 120 m for I-710 and I-5, respectively, where the measured
number concentration was only 45% and 64% of that measured
at 20 m near its corresponding freeway. For both sites, the observed
background particle number concentrations were similar at
3.0e4 particles cm�3, which is a very typical urban background level
across the Los Angeles Basin during that time period (Westerdahl
et al., 2005; Moore et al., 2009). The faster decay trend for I-710
freeway may be attributed to the higher initial particle number
concentration observed inside the I-710. Similar to the overall decay
trend of number concentration, the total mass concentration (for the
range of 6e523 nm) also decreased with increasing downwind
distance in both freeways. However, the decay ofmass concentration
is much slower than number concentrations, as shown in Fig. 3a and
b. The rapid dilution next to the freeway not only lowers particle
concentration by dispersion, but also causes evaporation of semi-
volatile species off the particle surface, which is more pronounced
with decreasing particle size, due to the Kelvin effect (Hinds, 1999).
The overall result is an accelerated decrease in number concentra-
tions of smaller than larger particles. The evaporated vapors from the
smaller range of ultrafine PM, combined with those from fresh
vehicle emissions, may further condense onto pre-existing particles,
resulting in a slower decay of particle mass concentration. At 200 m,
the particle mass concentrations were 3.7 and 5.6 mg m�3 for I-710
and I-5, respectively, and are comparable to those measured at
400 m, suggesting that PM mass concentration also reached back-
ground levels within 200 m.

Fig. 3c and d show the particle number andmass concentrations
in the immediate proximity and downwind of I-710 and I-5
with roadside noise barriers. Compared with those at non-barrier
freeway sites, the particle concentration distribution displayed
a significantly different trend, exemplifying the impact of a road-
side barrier on the particle dispersion profiles. At 15 m, particle
number concentrations were 4.8e4 and 3.1e4 particle cm�3 at I-710
and I-5 sites, respectively, 43% and 45% lower than those measured

at 20 m downwind of corresponding freeway without roadside
barrier. A similar trend was also observed for particle mass
concentrations at the same sites. The particle concentration deficit
observed at 15 m strongly underscores the existence of the recir-
culation cavity in the lee of the roadway barrier (Bowker et al.,
2007; Baldauf et al., 2008b). As the downwind distance increased,
the particle concentrations increased and reached a maximum at
100 m and 80 m for I-710 and I-5, respectively. The peak particle
number concentrations are 2.4 and 2.2 times higher than those
observed at corresponding distance for non-barrier sites at the
I-710 and I-5 freeways. As the aerosols traveled further downwind,
the particle number concentrations gradually decreased and
reached background levels at 400 m; while the particle mass
concentrations became stabilized to background levels earlier, at
200 m. The differential trend of particle mass and number
concentrations highlights the role of semi-volatile species evapo-
ration and re-condensation in the dynamics of particles evolution
in the atmosphere (Vignati et al., 1999; Zhang et al., 2004; Ning and
Sioutas, 2010). It is noted that a similar trend is also observed next
to the freeways without roadside barriers (Fig. 3a and b), where
particle mass concentration decayed much slower than number
concentrations during the rapid dilution.

3.4. Size-segregated particle number concentrations
at different downwind distances

Fig. 4 shows the average size-segregated particle number
concentrations at different distances downwind of the freeways.
The particle size distributions measured by FMPS (6e523 nm) were
segregated into five different mobility size ranges of 6e25, 25e50,
50e100, 100e300 and 300e550 nm, respectively. The measured
number concentrations in the size bins within each size range were
added to derive the concentration of each size group.

As shown in Fig. 4a and b, particles in different size ranges
behaved quite differently as the distance from freeways increased.
The number concentration of particles in the size range of 6e25 nm

Fig. 3. Particle number and mass concentrations at different distance downwind of the freeway (a) I-710 no noise barrier (b) I-5 no noise barrier; (c) I-710 with noise barrier; (d) I-5
with noise barrier. Note: The total particle number and mass concentrations at X ¼ 0 are derived from SMPS (10e225 nm) data at stationary sampling station; the concentrations at
X > 0 are derived from FMPS (6e523 nm) data.
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accounted for 73% and 57% of the total number concentration at
15 m next to I-710 and I-5 freeways, respectively. The large fraction
of <25 nm particles is consistent with the observation of
Ntziachristos et al. (2007) and Zhu et al. (2002b) conducted next to
the same freeway. As the particles are advected away from freeway,
the 6e25 nm particles number concentrations decreased by half
from 15 m to 80e90 m for I-710 and I-5, respectively, and gradually
leveled off beyond 200 m. This observation is also reflected in the
rapid drop of the nucleation peak displayed in the particle size
distribution plots (Fig. 2a and b) from nearby the freeway to 100 m
downwind. With increasing particle size, number concentrations
decayed more slowly, illustrating the effect of size-dependent
particle evaporation due to the Kelvin effect, and diffusion during
rapid dilution. On the other hand, particles above 100 nm did not
experience a substantial change in their number concentration
with increasing downwind distance to the freeway, suggesting the
insignificant contribution of freeway emissions to their concen-
trations in the atmosphere. Fig. 4c and d show size-segregated
particle number concentrations for the barrier sites for I-710 and I-
5 at various downwind distances. Close to the freeways at 15 m, the
particle number concentrations in all size ranges were significantly
lower than those at similar distances in non-barrier conditions and
even comparable to those measured at background, a clear indi-
cation that the presence of roadside barrier induces a recirculation
cavity in the lee of the barrier with deficit of pollutants concen-
trations. An evident peak of particle number concentrations in the
ranges of 6e25 nm, 25e50 nm and 50e100 nm is observed at
100 m and 80 m for I-710 and I-5, where the reattachment of
pollutants plume from traffic emissions occurs. Compared to the
non-barrier freeway conditions, the number concentrations of
particles in different size ranges near barrier freeway reached
background levels at a farther distance of 400 m and 250 m for I-
710 and I-5 freeways.

3.5. Co-pollutants concentrations at different downwind distances

Fig. 5 shows the concentrations ratios of carbon monoxide (CO),
nitrogen dioxide (NO2) and black carbon (BC) at various distances
downwind of the freeways with no roadside noise barrier (3a:
I-710; 3b: I-5) and with barrier (3c: I-710; 3d: I-5). The concen-
tration ratios were calculated by dividing the average concentra-
tions measured at different downwind distances by the average
concentrations in the immediate proximity of the freeways (x ¼ 0).
Error bars represent one standard deviation of the average ratios.
CO concentrations for I-5 were expressed as absolute downwind
concentrations in the secondary Y axis due to a malfunction of the
CO monitor used at the site in the immediate proximity of I-5.
These species were selected because their concentrations in urban
environments are closely related to traffic emissions. For the
concentration ratios in Fig. 5a and b, exponential decay curves were
used to fit the decreasing ratios with increasing downwind
distances. The best fitting decay equations and their corresponding
R2 values are listed in Table 3.

As shown in Fig. 5a and b, all pollutants concentration ratios
decreased exponentially with increasing downwind distances of
the freeway. For the gaseous species of CO and NO2, their concen-
trations decreased by 70e80% within the first 100 m for both
freeways. Particle-bound BC concentration dropped by 60% and 80%
in the first 100 m for I-710 and I-5, respectively. Within 150 m, all
pollutants concentrations reach asymptotically background levels.
Similar observations have been reported extensively in the recent
literature (Zhu et al., 2002b; Baldauf et al., 2008a; Clements et al.,
2009). As shown in Table 2, the decay coefficients of NO2 and BC
for I-710 were consistently higher than that for I-5, suggesting
a faster decay of their concentrations near the I-710 freeway. This
may be explained by their higher initial concentrations of these
pollutants at the I-710 freeway, which has a roughly 50% higher

Fig. 4. Size-segregated particle number concentrations at different distances downwind of the freeway (a) I-710 no noise barrier (b) I-5 no noise barrier; (c) I-710 with noise barrier;
(d) I-5 with noise barrier. Note: Total PNC is the total particle number concentration derived from FMPS.
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traffic volume than the I-5 freeway. Other meteorological condi-
tions and the local topography may also contribute to the decay
curves of air pollutants from the freeway (Zhu et al., 2004), but
given the overall similarity in both of these sets of parameters
between the two freeways, we attribute the faster decrease in the
I-710 to the higher traffic volume in that freeway.

In contrast, the concentration ratios downwind of the freeway
sections with roadside noise barriers displayed a different trend, as
shown in Fig. 5c and d. At downwind distance of 15 m, the closest
location downwind of the I-710, the pollutants concentration ratios
were 0.36, 0.28 and 0.22 for CO, NO2 and BC, respectively, compa-
rable to the background levels measured at 400 m (0.33, 0.26, and
0.28 for CO, NO2 and BC, respectively). The low concentration ratios
are consistent with the observations of particle number and mass
concentrations, due to the strong turbulence that exists in the
recirculation cavity of the roadside noise barrier (Finn et al., 2010).
At 80e100 m, where the concentrations have dropped to back-
ground levels for the non-barrier sites (Fig. 5a), the pollutants
displayed a peak ratio of 0.57, 0.59, and 0.67 for CO, NO2, and BC,
respectively, as shown in Fig. 5c for the I-710 with barrier. The
dramatic difference of the pollutant concentration profiles down-
wind of the freeway underscores the impact of roadside noise
barrier on pollutant dispersion. As the pollutants are transported

further away from freeways, their concentrations gradually
decrease and reach background concentrations at 400m and 250m
for I-710 and I-5, respectively. The results suggest that the freeway
roadside features, such as noise barriers, should also be taken into
consideration in assessing public exposure to ambient pollutants
from traffic emissions in the community nearby busy freeways.

4. Summary and conclusions

The present study investigated the evolution of particle size
distributions and pollutants concentrations downwind of two
major freeways (I-710 and I-5) sections in Southern California, both
featured with and without roadside noise barriers. The results
corroborate those of earlier studies by showing that the particle
number and pollutants concentrations decay exponentially near
freeways without the roadside noise barriers. Particle number
concentrations decrease sharply with distance from the freeway,
especially for smaller (<30 nm) particles due to evaporation and
diffusion. The background pollutant concentrations are reached
within 150 m downwind of freeway without roadside barriers.

With the presence of roadside barrier, the dynamics of particle
and co-pollutants dispersion change dramatically. A recirculation
cavity is formed in the close vicinity downwind of the barrier, as
observed at 15 m in the present study, resulting in a concentration
deficit zone in the lee of the barrier, where the particle number
concentrations are 45e50% of those measured at similar downwind
distances of freeways without roadside barrier. The particle size
distributions and co-pollutants concentrations were comparable to
background levels. With the increasing downwind distance, parti-
cles and gaseous co-pollutant concentrations increase and peak at
80e100 m, where the plume of elevated traffic emissions sources
reattaches to the ground. The particle size distribution displayed
a sharp nucleation mode peak, with total number concentrations

Fig. 5. BC and gaseous pollutants normalized concentrations at different distance downwind of the freeway (a) I-710 no noise barrier (b) I-5 no noise barrier; (c) I-710 with noise
barrier; (d) I-5 with noise barrier.

Table 3
Concentration decay curve equation and coefficients (“x” is the distance downwind
of the freeway from the stationary sampling station; “y” is the normalized
concentration ratio).

NO2 BC CO

I-710 y ¼ 0.17 þ 0.83
e(�0.16x)R2 ¼ 0.99

y ¼ 0.36 þ 0.63
e(�0.05x) R2 ¼ 0.97

y ¼ 0.35 þ 0.65
e(�0.12x) R2 ¼ 0.99

I-5 y ¼ 0.24 þ 0.76
e(�0.11x); R2 ¼ 0.99

y ¼ 0.21 þ 0.77
e(�0.03x) R2 ¼ 0.98

e
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1.9e2.2 times of those at similar distance near non-barrier freeways.
Particle mass, CO, NO2 and BC also reached maximum concentra-
tions ratios. The background particle and co-pollutants concentra-
tions were reached at distances of 250e450m, farther than the sites
near non-barrier freeways.

The much longer downwind distance needed to reach back-
ground levels indicates a larger impact zone of traffic emission
sources near the freeways with roadside noise barriers. Our results
suggest that freeway roadside features, such as noise barriers and
plantation, should also be taken into consideration in assessing
population exposure to ambient particles and co-pollutants from
traffic emissions.
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Glossary of Terms 
 
µm Micrometer. One millionth of a meter 

Background concentration Concentration of substance in the absence of any significant sources 
present in the vicinity. 

BC Black Carbon 

CARB California Air Resources Board 

CNG Compressed Natural Gas 

CO Carbon Monoxide 

CPC Condensation Particle Counter 

Da Aerodynamic diameter 

DMA differential mobility analyzer 

DP electric mobility diameter 

Ds Stokes diameter 

EC Elemental Carbon 

ELPI™ Electrical Low Pressure Impactor  

EPA Environmental Protection Agency 

EU European Union 

Exposure Contact with a substance by swallowing, breathing, or touching the 
skin or eyes 

FMPS™ Fast Mobility Particle Sizer 

I/O Indoor to Outdoor 

LA Los Angeles 

LPG Liquefied Petroleum Gas 

Mass Concentration Total mass of particles in a unit volume of ambient air. Generally 
expressed as micrograms per m3 

MATES Multiple Air Toxic Exposure Study 

nm Nanometer. One billionth of a meter.  

Number Concentration Number of particles in a unit volume of ambient air. Generally 
expressed as number per m3 or number per cm3 

OM Organic Matter 

Particle Size Distribution Characterization of particle properties such as number or mass on 
basis of the particle size 
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PM Particulate Matter 

PM10 Particles with aerodynamic diameter less than 10 microns 

PM2.5 Particles with aerodynamic diameter less than 2.5 microns 

PMP Particle Measurement Program 

RIT Road-induced Turbulence 

SCAQMD South Coast Air Quality Management District 

SEM Scanning Electron Microscopy 

SMPS™ Scanning Mobility Particle Sizer 

SO2 Sulfur Dioxide 

SULEV Super Ultra Low Emissions Vehicle 

TEM Transmission Electron Microscopy 

UFP Ultrafine Particles 

Ultrafine particle Particles generally with aerodynamic diameter less than 0.1 
micrometer 

UNECE United Nations Economic Commission for Europe  

VIT Vehicle-induced Turbulence 
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1. Introduction 
Ambient particulate matter (PM) has been linked to numerous adverse health outcomes and remains a 
major environmental challenge. In recent years, there is increasing evidence of particle size playing a 
major role in determining the extent of adverse health effects. It has been observed that smaller 
particles have a higher probability of penetrating into and depositing in lower parts of the human lung 
and entering the bloodstream than larger particles, which are removed more efficiently by the defense 
mechanism of the mucociliary system (Daigle et al. 2003). Furthermore, on a mass basis, ultrafine 
particles have larger surface area and higher oxidant capacity than larger particles. This larger surface 
area likely enhances the toxic properties of the ultrafine particles. Animal studies in particular have 
shown increased pulmonary inflammation from ultrafine particles rather than larger particles with the 
same chemical composition. Therefore, there has been growing interest to better understand the 
particles in size range less than 100 nanometers (nm), commonly referred to as ultrafine particles.  

Although the operational definition of ultrafine particles varies in the scientific literature, it is generally 
accepted that particles with size less than 100 nm (0.1 µm) are labeled as ultrafine particles. Note that 
the term nanoparticle is also used often in the scientific literature for particles with sizes on the order of 
few nanometers, especially in toxicological studies. Although this term is applicable to ambient particles 
with sizes less than 10 nm, it is applied more often to manufactured nanoparticles rather than those 
emitted due to human activities.  

The health effects of concern from inhaling ultrafine particles include pulmonary inflammation, 
oxidative stress, and induction of exacerbation of cardiovascular disease (Peters, et al. 1997; Utell and 
Frampton 2000; Frampton 2001; and Murr and Garza 2009). There remains considerable uncertainty on 
biological mechanisms and the physiochemical components on the ultrafine particles that lead to these 
health effects. This remains a very active area of epidemiological research.  

Despite a significant body of suggestive evidence linking ultrafine particles to adverse health effects, 
there are still many gaps in the knowledge of ultrafine particles to which people are exposed to in the 
environment. Areas continuing research to improve the understanding of exposure to ultrafine particles 
include understanding the behavior of the ultrafine particles in the near field and the atmospheric 
processing of these particles; developing robust measurement techniques and instrumentation; and 
developing operational protocols to accurately characterize them. The objective is to ultimately advise 
the public, the environment regulatory community, and other stakeholders in developing effective 
approaches that reduce exposure to ultrafine particles.    

This report is prepared to briefly summarize the latest understanding of ultrafine particles in the context 
of the Gateway Cities Air Quality Action Plan and is organized as follows. Section 2 describes the 
characteristics of ultrafine particles and current techniques to measure their ambient concentrations. 
Section 3 describes emissions and mechanisms of the atmospheric processing of ultrafine particles 
emitted from vehicle tailpipes. Section 4 summarizes recent monitoring studies performed in the Los 
Angeles (LA) air basin, identifies major trends, and also presents studies that measure exposure to 
ultrafine particles in the LA air basin. Section 5 discusses current and prospects for future regulation of 
ultrafine particles. Finally, Section 6 concludes with a summary of major findings.    
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2. Characterization of Ultrafine Particles 
Ambient particles in general are characterized by their size, shape, physical properties (e.g., density, 
volatility), and chemical composition. For ultrafine particles, the most defining property is their size. As 
mentioned earlier, ultrafine particles are generally defined as particles with a diameter less than 100 
nanometers (nm) or 0.1 micrometers (µm). In contrast, PM2.5 and PM10 consists of particles with 
diameters less than 2.5 and 10 µm, respectively. Therefore, ultrafine particles are nearly 25 times 
smaller than PM2.5 and 100 times smaller than PM10 in diameter. Figure 1 illustrates size difference 
between ultrafine particles, PM2.5, and PM10. Note that PM2.5 and PM10 fractions of the ambient PM 
also include ultrafine particles based on the above definitions. Currently, the mass concentration of 
PM2.5 and PM10 are regulated by national and California ambient air quality standards and, for motor 
vehicles, a mass per mile exhaust emission standard.  

Figure 1. Relative Size of Ultrafine Particle (UFP) Relative to Human Hair and Other Particle Sizes 

 

Because of their small size and volume, the aggregate mass of ambient ultrafine particles is not 
significant compared to larger particles. However, several studies have shown that ultrafine particles 
dominate the number concentration of ambient PM. For example, Stanier, et al. (2004) showed that 
25% of the ambient aerosol particles are less than 10 nm and 75% of the number of particles are less 
than 50 nm. In contrast, particles larger than 100 nm, i.e. PM2.5 and PM10, primarily contribute to the 
mass concentration. See Figure 2.   
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Figure 2. Comparison of Number and Mass Distribution of Ambient Particles 

 

Along with size, chemical composition also influences the toxicity of ultrafine particles. However, the 
chemical composition of ultrafine particles is even less well understood. This is mainly because a 
significant variation in chemical composition can be found within various environments, times of the 
day, and months of the year, depending on the nature and emission strengths of local sources and 
atmospheric conditions. Organic matter (OM), elemental carbon (EC), and inorganic compounds such as 
sulfates and nitrates constitute most of the ultrafine particle mass. Other constituents include water, 
sodium, potassium, and transition metals. EC is considered as a marker of the combustion processes for 
diesel engines as its major source in urban areas. OM, a mixture of high molecular weight hydrocarbons, 
is emitted directly from combustion processes and also forms in the atmosphere from gas-phase 
emissions. OM constitutes a significant fraction of emissions from meat cooking and wood burning. 
Sulfate in the particles results from sulfur present in the fuel that is oxidized during the combustion 
process. Similarly, high temperatures during combustion lead to the oxidation of atmospheric nitrogen, 
which results in presence of nitrates in ambient particles. Some recent studies conducted in southern 
California region showed that the chemical composition of ultrafine particles ranged from 32 to 69% of 
OM, 1 to 34% of EC, 0 to 24% of sulfate, and 0 to 4% of nitrate (Sardar et al. 2005; Arhami, et al. 2009). 

The United States and California air quality standards for particulate matter are based on mass 
concentration. Therefore, currently there is no large-scale monitoring network that measures number 
concentration of ambient particles. Several studies are available in the literature that measured particle 
number concentration in various outdoor environments. Morawska et al. (Morawska, Ristovski et al. 
2008) analyzed 71 measurement studies recently reported in the literature and calculated the mean and 
median number concentration for eight different environments. As shown in Table 1, the number 
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concentrations are highest in tunnel environments followed by on road and roadside environments. The 
mean concentrations for these environments are greater by 64, 27, and 18 times respectively than a 
clean background.  

Table 1. Mean and Median of Particle Number Concentrations in Various Environments  

Environment 
Mean (103 
Particles/cm) 

Median (103 
Particles/cm) 

Tunnel 167.74 (64) 99.09 (31) 

On Road 71.45 (27) 47 (15) 

Roadside 48.18 (18) 34.58 (11) 

Street Canyon 42.07 (16) 39.13 (12) 

Urban 10.76 (4) 8.83 (3) 

Urban background 7.29 (3) 8.1 (3) 

Rural 4.83 (2) 2.91 (1) 

Clean Background 2.61 (1) 3.2 (1) 

Data source: Morawska et. al. 2008. 

The numbers in parenthesis show the ratio of the concentration 
statistic with that of a clean environment. 

 

2.1. Measurement of Ultrafine Particles 
Ambient particles often have variety of shapes (e.g. tubular, irregular, etc.) rather than ideal spherical 
shape, which can be characterized by only one size parameter (the diameter). Therefore, this poses 
some difficulties in their mass and number concentration measurement. Aerodynamic diameter (Da), 
Stokes diameter (Ds), and electric mobility diameter (DP) equivalent are often used in the context of the 
properties of particles moving in air. Aerodynamic diameter is the diameter of a perfect sphere of unit 
density with same mobility as the particle being measured. Stokes diameter is similar to the 
aerodynamic diameter, but uses the true density of the particle. Electric mobility diameter is widely 
used in instruments and defined as the diameter of a perfect sphere of unit density with same electric 
mobility as the particle being measured.  

A recent review by Kumar, et al. (2010) identified several instruments that are commercially available to 
measure the size distribution of ambient particles, including ultrafine particles. These instruments 
include the Scanning Mobility Particle Sizer (SPMS™), Fast Mobility Particle Sizer (FMPS™), and Electrical 
Low Pressure Impactor (ELPI™) that provide size-segregated number concentration. In addition, a 
condensation particle counter (CPC) is a standard instrument employed in the study of ultrafines to 
provide number concentration of the entire aerosol population.   
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The SMPS system is an instrument that uses electric mobility principles to measure the number and size 
distribution of an inlet aerosol population Kumar, et al. (2010). This instrument mainly consists of three 
components: 1) A bipolar radioactive charger to charge the particles, 2) a differential mobility analyzer 
(DMA) to classify the particles based on their electrical mobility, which in turn depends on their size, and 
3) a CPC for detecting the particles and providing the number concentration. Some commercially 
available SMPS include the 3034 TSI (TSI Inc) that measures Dp between 10 and 487 nm for number 
concentrations in the range of 102 to 107 particles/cm3 and takes 180 seconds to analyze a single scan. 
More recent models (such as the 3934 TSI) can measure a larger range of particle size and with shorter 
sampling times (30 seconds).   

The FMPS is similar to SMPS in principle. However, instead of a CPC, the FMPS uses multiple, low-noise 
electrometers for particle detection and count. The main advantage of FMPS is that its sampling 
frequency can be as high as 1 Hz (i.e., analysis of one sample per second), which is partly accomplished 
by using a high sample flow rate. Therefore, FMPS can be used to characterize fast-changing particle 
populations.  

The ELPI is another instrument that has high sampling rates and measures the size distribution of 
particles in the range of 30 to 10,000 nm. This instrument uses aerodynamic size classification of 
charged particles by a low pressure cascade impactor and subsequent electrical detection for particle 
count. An added advantage of this instrument is that the cascade system allows for other analysis such 
as chemical composition and further characterization through scanning electron microscopy (SEM) or 
transmission electron microscopy (TEM) techniques.  

As noted by Kumar et al. (2010) several parameters need to be considered before adopting a particular 
instrument or detection technique to be used in a regulatory or compliance context. These include 
portability, time response, detection limits, sampling frequency, reproducibility and capability of 
unattended operation over long duration, and cost and maintenance requirements. Despite 
technological advancements in recent years that address many of these issues, reproducibility and 
consistency across various instruments still remains an area that needs additional research and 
progress. Asbach et al. (2009) used four different particle sizers (two TSI SMPS, one TSI FMPS, and one 
Grimm SMPS) to analyze NaCl and diesel soot particles and found that each instrument showed 
repeatable results. However, there was a considerable difference between instruments. Among these 
four instruments, FMPS consistently showed lower particle size distributions than SMPS.  
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3. Ultrafine Particles in Near-Roadway Environment 
Several studies have shown that motor vehicles are the dominant source of ultrafine particles in the 
outdoor environment. Furthermore, the concentrations are highest in the near-roadway locations given 
their proximity to the emission sources. Among motor vehicles, heavy duty diesel engines are shown to 
emit significantly higher numbers of ultrafine particles than light-duty gasoline vehicles. In general, a 
heavy duty diesel truck or a bus may emit one or two orders of magnitude higher than a typical light-
duty vehicle (Kirchstetter, et al. 1999; Ristovski, et al. 2005).   

The number concentration of ultrafine particles at a near-roadway location is primarily determined by 
the strength of emissions in the surrounding area and atmospheric processing of the emitted particles as 
they are transported to the location of interest. These two aspects are discussed further below.  

3.1. Emissions of Ultrafine Particles from Vehicles 
From emissions perspective, ultrafine particles can be classified into either primary or secondary 
particles. Primary particles are formed in the engine and tailpipe and are emitted directly into the 
ambient atmosphere. These particles, mostly agglomerates of solid-phase carbonaceous material, are 
generally in the size range 30 to 500 nm. As hot gases are released from the tailpipe, they are cooled 
rapidly in the ambient environment. Consequently, many of the constituent gases with low-volatility 
condense to form a large number of new particles. These are known as secondary particles and are 
generally below 30 nm. Secondary particles are largely composed of sulfate, nitrate, ammonium, and 
organic material.  

The first step in quantifying and addressing the extent of vehicle emission contribution to the ambient 
concentration is characterization of the tailpipe emissions and how such emissions vary with the nature 
of fuel composition, operating conditions, and control technologies.  

Early studies on particulate emissions and fuel composition focused on sulfur content. Sulfur occurs 
naturally in crude oil and is mostly removed in the refining process, but a small percentage remains in 
diesel and gasoline fuel. During the combustion, sulfur is oxidized to sulfuric acid and is emitted through 
exhaust as a volatile material. After leaving the tailpipe, sulfuric acid undergoes condensation or 
nucleation and contributes to total particle emissions. Dynamometer and on-road measurements have 
shown that particle number decreases with the sulfur content both in fuel and lubricants. The 
introduction of ultra low sulfur fuels in California in 2006 and fully phased in nationwide by 2010 has 
significantly reduced ultrafine particles forming from sulfur condensation and nucleation.  

In recent years, various biofuels (both pure and blended) have begun to be used in heavy duty diesel 
trucks and buses in order to decrease the reliance on imported fossil fuels and also to mitigate climate 
change. This transition may affect tailpipe emissions. Studies have shown that most heavy duty vehicles 
powered by biofuels emit a higher number of particles than those powered by diesel (Kumar, et al. 
2010). This increase is attributed to the increased nucleation rates in the exhaust of biofuels due to 
reduced surface area of pre-existing particles and lower caloric content in biofuels requiring the use of 
greater quantities of fuel compared to conventional diesel fuel. However, it is important to note that the 
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use of biofuels leads to overall reduction in particulate mass emissions due to the decrease in the 
emissions of solid carbonaceous particles.    

Among alternative fuels, liquefied petroleum gas (LPG) and compressed natural gas (CNG) are seen as 
cleaner than conventional diesel or biofuels and are widely used in the South Coast bus fleet, and they 
have potential as a widespread replacement fuel for heavy duty trucks. A few studies that have 
examined these fuels have found that LPG vehicles are shown to emit 70% less ultrafine particles than 
conventional unleaded gasoline vehicles (Ristovski, et al. 2005). CNG vehicles are known to emit 
considerably less particle mass than diesel vehicles. Although CNG and LNG buses emit lower number of 
particles at lower loads compared to diesel buses, both dynamometer and on-road studies have shown 
that the number of particles emitted by CNG at high loads and during acceleration are an order of 
magnitude greater than those of diesel buses (Jayaratne, et al. 2010). For CNG buses, emissions of 
particle number vary by an order of magnitude between low-load and high-load conditions.  

As with other vehicle emissions, ultrafine particle emissions from tailpipes may be controlled using the 
after-treatment devices. Two main classes of these devices are oxidation catalysts and particle traps. 
Oxidation catalysts mainly remove the soluble organic fraction and have no effect on elemental carbon 
in the exhaust. Further, these catalysts may oxidize sulfur dioxide (SO2) to sulfate and may increase 
sulfate in particle mass and number. Therefore, the effectiveness of these devices depends on the 
relative chemical composition of the exhaust. Application of oxidation catalysts may actually increase 
the particle number when used in conjunction with high sulfur-content fuels (Vogt, et al. 2003).  

Particle traps have proven to be effective in removing the solid-phase particles, including elemental 
carbon. However, volatile material (in gas or liquid form at high exhaust temperatures), especially 
sulfate mass, passes through the filter and acts as a precursor to nucleation-mode particles. 
Furthermore, by retaining solid-phase particles, particle filters may promote nucleation over 
condensation thus leading to an increase in the formation of new particles.   

3.2. Environmental Fate and Transport of Ultrafine Particles 
Almost immediately after the ultrafine particles are emitted into the atmosphere, atmospheric 
processes govern their fate and transport in the ambient environment and dynamically change their 
physical and chemical characteristics. Consequently, the temporal and spatial evolution of ultrafine 
particles, especially their size distribution, depend on the extent of atmospheric processing, which in 
turn depends on ambient meteorological conditions such as temperature, wind speed, relative humidity, 
and incident solar radiation.  

Once particles are emitted from the vehicle tailpipe, transport by wind is the main mechanism by which 
emissions are initially dispersed into the atmosphere, resulting in dilution of the exhaust plumes. 
Turbulent transport, both in the horizontal and vertical direction, dominates the dispersion of 
pollutants. In general, high wind speeds result in efficient transport of pollutants, leading to lower 
ambient concentration in the vicinity of emissions sources. Atmospheric stability, a measure of 
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resistance to the vertical motion of air parcels in the atmosphere,1 also significantly affects the turbulent 
mixing and resulting dispersion of emissions.  

Another distinguishing feature between the dispersion of pollutants from roadway and non-roadway 
sources is the effect of turbulence generated by vehicles, roadway structures, and noise barriers. The 
near-roadway turbulence, broadly classified into vehicle-induced turbulence (VIT) and roadway-induced 
turbulence (RIT), may significantly contribute to the mixing of pollutants, leading to additional dilution of 
near-roadway emissions (Bäumer, et al. 2005; Kalthoff, et al. 2005). A significant fraction of kinetic 
energy may be converted into additional turbulence due to the aerodynamic resistance when fast-
moving vehicles interact with the ambient air. The turbulence generated strongly depends on the 
vehicle shape and speed. For example, heavy duty diesel trucks induce more turbulence due to their size 
and shape than passenger cars. Therefore, reducing congestion and increasing speeds will promote 
more mixing and lower peak concentration of ultrafine particles. 

Road embankments also generate turbulence as they act as the obstacle to the wind flow. The RIT due 
to embankment depends on the wind speed, direction, and the height and shape of the embankments. 
Similarly, roadside structures such as noise barriers and vegetation also affect dispersion by creating 
local turbulence effects (Lidman 1985; Baldauf, Thoma et al. 2008). In addition, the temperature 
difference between asphalted roadway surfaces and surrounding grassy surfaces creates thermally 
induced flow, which could affect dispersion of roadway emissions. Finally, in an urban environment, 
built structures distort the wind field around them and therefore affect the dispersion of pollutants.  

Zhang and Wexler (2004); Zhang, et al. (2004); and Zhang, et al. (2005) proposed that the dilution of a 
vehicle exhaust plume may be considered to occur in two distinct stages. The first is the tailpipe-to-road 
dilution by the strong turbulence generated by traffic, lasting about 1 to 3 seconds and causing the 
initial concentration of ultrafine particles to be diluted by up to a factor of 1,000. The second stage is the 
roadway-to-ambient environment, which further dilutes the concentration of ultrafine particles by 
about a factor of 10, lasting 3 to 10 minutes. This dilution is due to atmospheric turbulence and 
advection by the ambient wind. Such large dilution ratios lead to an exponential decrease in the number 
concentration of ultrafine particles within relatively short distances from a freeway as observed in a 
number of studies (Zhu, et al. 2002a; Westerdahl, et al. 2005; Morawska, et al. 2008).   

As vehicle exhaust plumes are diluted in the atmosphere, three main processes—nucleation, 
condensation, and coagulation—change the size of the particles in the plume and govern the overall size 
distribution. Nucleation refers to the formation of new particles with a size generally below 20 nm from 
super-saturation of low volatility gaseous compounds. However, such super-saturated compounds can 
also condense onto pre-existing particles, which increases the size of such particles. Thus, nucleation 
and condensation are two competing processes. The availability of a pre-existing particle surface area 

                                                             
1  Stability can be broadly classified as stable, neutral, and unstable. Stable atmospheric conditions restrict the 
vertical movement of air parcels, thus creating conditions conducive for the accumulation of pollutants near the 
surface. Unstable atmospheric conditions accelerate the vertical movement of air parcels and promote the 
turbulent mixing of pollutants. Under neutral conditions, the dispersion of pollutants is influenced by both 
transport and turbulent mixing. 
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and plume dilution rate determines which of these processes dominates. Polluted urban environments 
often contain a large number of pre-existing particles to favor condensation over the formation of new 
particles through nucleation. Coagulation occurs when two or more particles collide and combine to 
form a new larger particle. Figure 3 graphically illustrates these three processes. 

The emissions from the tailpipe of a vehicle containing highly concentrated gas vapors undergoes rapid 
cooling immediately after leaving the tailpipe, during the tailpipe-to-road dilution phase, and reaches 
super-saturation, which may result in both the generation of new particles through nucleation and 
growth of the existing particles through condensation. Such particles, often less than 30 nm in size, have 
been observed near busy freeways, especially those carrying a large fraction of heavy duty diesel trucks 
(Zhu, et al. 2002b; Westerdahl, et al. 2005; Ntziachristos, et al. 2007).  

The rate of generation of ultrafine particles depends on several factors, including temperature, relative 
humidity, atmospheric stability, and vapor pressure (Zhang and Wexler 2004; Zhang, et al. 2005). Low 
ambient air temperatures and high relative humidity favors the formation of new particles as 
demonstrated in some on-road studies (Ronkko, et al. 2006; Casati et al. 2007). Particles that are 
generated through nucleation have short atmospheric lifetimes, on the scale of few minutes, because 
they coagulate with other particles and form new larger particles.  

Figure 3. Illustration of Nucleation, Condensation, and Coagulation Processes That Affect the Size 
Distribution of Ambient Particles 
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4. Ambient Concentration of Ultrafine Particles in the Los 
Angeles Area 

As the significance of ultrafine particles’ possible public health concerns have  gained increasing 
attention in recent years, several monitoring studies have been performed, mostly by academic 
institutions, to better characterize and understand the ambient concentrations of ultrafine particles, 
especially in near-roadway environments. This section synthesizes the trends and characteristics of 
ambient ultrafine particles reported in the scientific literature drawn from studies conducted in the Los 
Angeles area.   

As discussed in the previous section, a distinguishing feature of ultrafine particles is their elevated 
concentration close to roadways (or emission sources) and their exponential decay with distance from 
the freeway because of transport and turbulent mixing. This behavior has been confirmed in several 
field studies conducted in the vicinity of a number of southern California freeways.  

Zhu, Hinds et al. (2002a; 2002b) conducted four measurement campaigns to characterize the ultrafine 
particles in LA area during the summer of 2001 and the winter of 2002. These studies measured the 
particle number concentration and size distribution in the size range from 6 to 220 nm at various 
distances from I-405 and I-710. In addition, the mass concentrations of carbon monoxide (CO) and black 
carbon (BC) were also measured at each sampling location. Black carbon is a close surrogate for diesel 
PM emissions. Since an identical set of instruments was used and common data analysis methods were 
applied by the same group of researchers, the bias in configuration and data interpretation is minimized. 
Therefore, data from these studies can be used to obtain important insights and understanding of 
ultrafine particle characteristics in the near-roadway environment. 

The summertime measurements were conducted 30, 60, 90, 150, and 300 meters downwind and 
300 meters upwind for I-405 at the Los Angeles National Cemetery between May 15 and July 18, 2001. 
For the I-710 study, the measurements were taken at 17, 20, 30, 90, 150, and 300 meters downwind and 
200 meters upwind from the freeway in the City of South Gate along Southern Avenue between 
August 30 and October 27, 2001. Wintertime measurements were taken at the same monitoring sites 
between January 11 to January 20, 2002, for the I-405 sampling sites and between January 14 and 
January 25, 2002, for I-710 sampling sites. For all studies, particle measurements were made using a CPC 
for total number concentration (CPC 3022A; TSI Inc.) and SMPS for size-segregated number 
concentration (SMPS 3936, TSI Inc.).  

The traffic on I-405 is dominated by passenger cars and light-duty vehicles with less than 5% of heavy-
duty diesel trucks. In contrast, the heavy-duty diesel traffic on I-710 is often higher than 25%. During the 
measurement period, the hourly average traffic volume on I-405 was 13,900 vehicles, and more than 
93% of these were gasoline-powered passenger cars. A strong correlation was observed between the 
traffic density and measured total particle concentration for monitoring sites near I-405. For the I-710 
study, the hourly average hourly traffic volume was 12, 180 vehicles with heavy trucks constituting 
nearly 30%. The traffic density during this study has less variation than that of I-405.   
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As discussed in the previous section, wind plays a major role in the dispersion of emitted ultrafine 
particles. Due to frequent on-shore winds, the monitoring sites in both studies by Zhu et al. (2002a, 
2002b) were downwind of the freeway 80% of the time. Total particle number concentration measured 
by a CPC located 30 meters downwind from I-405 decreased almost linearly with the wind speed with a 
correlation coefficient (R2) value of 0.99. In contrast to this behavior, total particle concentration first 
increased with the wind speed up to 1.5 m/s and then decreased. This anomaly was attributed to large 
uncertainty in measurements made when speeds are less than 1 m/s.   

The findings from Zhu have important implications for I-710. Prevailing winds along the I-710 corridor in 
the AQAP study area are from the southeast to east. This will typically lead to the highest ultrafine 
particle exposure over the Los Angeles River south of State Route 90 (Imperial Highway) where the 
nearest sensitive receptors on the east side of the I-710 are more than 500 meters from the roadway. 
North of the State Route 90, where the Los Angeles River is to the west of I-710, the communities of Bell 
Gardens, Commerce, and East Los Angeles are in much closer proximity to I-710 and are in the prevailing 
downwind direction.  

Despite the difference in the traffic vehicle mix, both studies by Zhu showed some common behaviors. 
The maximum number concentration that was observed next to I-710 and I-405 is nearly 25 and 30 
times that of the background concentration, respectively. However, the number concentration of 
ultrafine particles near both freeways falls precipitously with the distance and become indistinguishable 
from an upwind site at 300 meters. In addition, the CO and BC concentrations also decrease at the same 
rate as particle number in both studies and drop by 60 to 80% within first 100 meters. However, PM 
mass concentration, measured in the I-405 study decay at a much smaller rate, displays different 
characteristics from CO, BC and particle number concentrations. This is because direct PM emissions 
from passenger car emissions contribute a relatively small amount relative to background PM 
concentration. The CO, BC, and number concentration data is summarized in Tables 2 and 3.  

Both studies by Zhu (2002a and 2002b) also analyzed the evolution of size distribution of ultrafine 
particles in a near-roadway environment using the data collected from SMPS. The size distribution of 
ultrafine particles sampled at both I-405 and I-710 showed three distinct modes. Zhu (2002b) further 
examined the number concentration of particles in the following size bins: 6 to 25 nm, 25 to 50 nm, 50 
to 100 nm, and 100 to 220 nm. In both studies, the particles in the smallest bin (6 to 25 nm), contribute 
over 70% to the total number concentration and decrease sharply within first 100 meters from the 
freeway. This characteristic is attributed to the rate of coagulation and faster diffusion rates of smaller 
particles.  
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Table 2. Measured Average Concentrations of Ultrafine Particles, CO and BC at Increasing Distances 
from I-405 

Measurement (m) 30 60 90 150 300 

CO (ppm) 2.0  
(1.7-2.2) 

0.9  
(0.7-1.0) 

0.6  
(0.5-0.7) 

0.4  
(0.3-0.5) 

0.2  
(0.1-0.3) 

BC (µg/m³) 5.4  
(3.4-10.0) 

3.2  
(3.0-3.5) 

2.5  
(2.4-2.6) 

1.6  
(1.1-2.0) 

1.3  
(1.1-1.5) 

Number 
Concentration 
(x10⁵/cm³) 

1.5 
 (1.3-1.7) 

0.88  
(0.77-0.96) 

0.70  
(0.61-0.85) 

0.50  
(0.42-0.58) 

0.37  
(0.30-0.39) 

Data Source: Zhu 2002a, 2002b. 

Range given in parenthesis. Note these concentration include background. 

 

Table 3. Measured Average Concentrations of Ultrafine Particles, CO and BC at Increasing Distances 
from I-710 

Measurement (m) 17 20 30 90 150 300 

CO (ppm) 2.3  
(1.9-2.6) 

2.0   
(1.5-2.4) 

1.7  
(1.1-1.9) 

0.5  
(0.2-0.7) 

0.4  
(0.1-0.5) 

0.2  
(0.1-0.3) 

BC (µg/m³) 21.7  
(20.3-24.8) 

19.4  
(16.5-21.6) 

17.1  
(12.6-19.3) 

7.8  
(4.5-9.3) 

6.5  
(3.9-9.2) 

5.5  
(3.5-7.7) 

Number 
Concentration 
(x10⁵/cm³) 

2.0  
(1.8-2.5) 

1.8  
(1.5-2.5) 

1.6  
(1.2-1.9) 

0.72  
(0.42-1.1) 

0.61  
(0.35-0.98) 

0.49  
(0.30-0.59) 

Data Source: Zhu 2002a, 2002b. 

Range given in parenthesis. 

 

Zhu (2002b) also compared the size-resolved number concentrations of ultrafine particles measured 
30 meters from I-710 and I-405 freeways. Note that both freeways have nearly the same average traffic 
density; however, I-710 traffic emits higher levels of PM due to the greater proportion of heavy duty 
diesel trucks. Both sets of measurements showed three distinct modes. The number concentration close 
to I-405 for the first mode (10 and 20nm) is slightly higher than corresponding measurement at I-710. 
However, the concentration for the second mode (around 30 nm) is nearly 30% higher for the I-710 site 
than that of the I-405 site and is attributed to higher levels of BC particles emitted by diesel vehicles on 
I-710. The concentration of the last mode (around 70 nm) is similar in both studies and close to the 
background concentrations.  
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As discussed in the previous section, meteorological parameters such as temperature and relative 
humidity play a major role in the processing of ultrafine particles. A comparison of summer and 
wintertime monitoring data for the I-405 and I-710 sampling sites showed that ultrafine number 
concentrations in winter are higher than in summer for comparable level of traffic densities. In addition, 
the decay rates of ultrafine particles, CO, and BC are slightly smaller than those in summer. This 
decrease in the dilution rate is attributed to the prevailing lower wind speeds during winter. When the 
size-segregated data was compared, the mode with the smallest diameter (10 to 20 nm) persisted for 
longer distance during the winter season.  

More recent studies have employed mobile measurement platforms to conduct more comprehensive 
data collection. As opposed to the studies that use a limited number of fixed monitoring locations, 
mobile platforms measure concentration at all directions from the road from a parallel to perpendicular 
direction along the roadway, but for generally shorter durations. Further, mobile measurements often 
also include video and audio recordings of the surroundings in order to infer possible pollution with 
specific sources, such as passing or following a diesel truck.   

Kozawa et al. (Kozawa, Fruin et al. 2009) used an electric vehicle as a mobile measurement platform and 
collected measurements on two routes of about 30 miles each covering arterial roads in residential 
areas and freeways in the cities of Carson, San Pedro, Wilmington, and West Long Beach. Among other 
instruments to measure gas-phase species, the mobile platform also included a portable CPC (TSI 
Portable CPC, Model 3007) and FMPS (Model 3091, TSI), both having a time resolution of 10 seconds. 
The CPC was used to measure number concentration of particles in the range 10 nm to 1 µm and the 
FMPS to provide the size distribution and particles in the range of 5.6 to 560 nm.  

Measurements in the Kozawa et al. study were collected by driving twice a day along the two routes, 
once in the morning between 8:00 and 10:30 AM and again in the afternoon between 14:30 and 17:00, 
two to three times per week in the summer and winter of 2007 covering a total of 24 sampling days. 
Since the goal of the study was to measure representative ambient concentrations, individual vehicle 
influences, such as a passing or trailing a high emitting diesel truck, were removed from the assessment 
based on the analysis of video recordings made during the measurements. Measured concentrations 
were analyzed using the “impact zone” and “reference zone” designations based on the location of the 
measurement and then calculating the ratio of concentration within the impact zone with that of the 
reference zone. Any location within 150 meters from a major roadway is designated to be within the 
impact zone. All other locations more than 150 meters from a major roadway are said to be in the 
reference zone. In addition, meteorological data from the South Coast Air Quality Management District 
(SCAQMD) monitoring station at North Long Beach were used to determine if the measurement 
locations are at a downwind or upwind of a major roadway.  

Using the above approach, Kozawa et al. observed that the ratio of ultrafine number concentrations in 
the impact zone to the reference zone in the I-710 area to be at least 2 and as high as 3.7 times higher in 
the morning hours, and when the impact zone is downwind of the freeway. The impact- to reference-
zone ratios were approximately 1 (or no change) when the impact zone was upwind of the freeway.   

Near-roadway studies, such as those discussed above, often compare pollutant concentrations close to 
the freeway with those of “background” or reference concentrations. Background concentration is 
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typically measured more than 300 meters downwind or upwind of the freeway. For community-scale 
exposure and impact assessments, the variation in the background concentration also becomes 
important, especially in order to devise air quality improvement strategies. Insights on neighborhood-
scale variation of ultrafine particles, especially in communities that are in the vicinity of the major 
transportation routes, will provide insight as to whether to focus air quality improvement strategies on a 
broader or local/neighborhood scale. 

Moore et al. (Moore, Krudysz et al. 2009) measured ambient ultrafine particles using a network of 
14 closely-spaced monitoring sites that were set up in the Los Angeles area as two clusters—San 
Pedro/Wilmington and West Long Beach. At these sites, total number concentration of particles greater 
than 7 nm is measured using a CPC (3022A, TSI Inc.). The measurements were taken from February 
through December of 2007 in order to assess intra-community variability in the ambient ultrafine 
particle concentrations. A number of sites within the West Long Beach cluster are in the proximity of I-
710 at varying distances. This study showed that the total particle number can vary up to a factor of 10 
for sites within a few kilometers. Although the proximity to roadways was a major factor in the 
variability, the observations emphasize that urban areas have elevated concentrations relative to 
background levels and that ultrafine concentrations vary widely between communities due to proximity 
to roadway sources as well as other sources of ultrafine particles.  

4.1. Exposure to Ultrafine Particles in Los Angeles Area 
Human exposure may generally be defined as any event where a person comes in contact with a 
contaminant of concern. During an exposure event, the contaminant may enter the human body 
through one of the exposure pathways (or exposure routes). The main exposure pathways are 
inhalation, ingestion, and dermal absorption. Exposure to ultrafine particles predominantly occurs 
through the inhalation of polluted air.   

People are exposed to ultrafine particles during the course of their daily activities depending on various 
microenvironments they spend time in, the amount of time spent, and the concentration of ultrafine 
particles in those microenvironments. A microenvironment is any space in which human contact with an 
environmental pollutant takes place and which can be treated as a well-characterized, relatively 
homogeneous location with respect to pollutant concentrations for a specified time period. 
Microenvironments are generally grouped into three categories: outdoor, indoor, and in-vehicle. For 
example, parks, outdoor recreation spaces, and near-roadway locations are some common outdoor 
microenvironments; residences, schools, and offices are some common indoor microenvironments; and 
cars, public transit vehicles, and air travel compartments are some common in-vehicle 
microenvironments.  

In the context of near-roadway environment, two classes of populations that are most vulnerable to 
ultrafine particles exposure: 1) residents or occupants of non-residential buildings within in the vicinity 
of major roadways, and 2) drivers and passengers of on-road vehicles. The extent of exposure within 
these two microenvironments (home/office and in-vehicle) mainly depends on the air exchange rate 
that determines the extent of penetration of outdoor contaminated air into the microenvironment. Air 
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exchange rates are governed by several factors such as ventilation and meteorological factors (wind 
speed).    

Although exposure to gas-phase pollutants in a near-roadway environment is still a major research area, 
exposure specifically to ultrafine particles is gaining attention. A recent review published by Knibbs et al. 
(Knibbs, Cole-Hunter et al. 2011) identified 47 studies that reported numerical exposure values to 
ultrafine particles across various transportation modes. Based on this data, the trip-weighted mean 
ultrafine particle concentration near automobile tunnels was highest at 300,000 particles/cm3 and that 
in a non-tunnel automobile trip was 45,100 particles/cm3. By way of comparison with some typical 
indoor activities, Wilson et al (Wilson, A., O. Karpukhin, L. DeLaura, 2010) found that indoor 
concentrations of ultrafines during cooking meat, burning candles, and vacuuming ranged between 
150,000 to 200,000 particles/cm3.   

In a recent study done by USC researchers (Hudda, Cheung, Moore, and Sioutas 2010), they found that 
the 2009 outdoor concentration at the University of Southern California site, which was located in an 
area believed to be representative of a typical urban background site, the highest ultrafine particle 
concentration occurred in January with an average concentration of 30,000 particles/cm3 and the lowest 
ultrafine particle concentration of around 10,000 particles/cm3 occurred during September.  This is 
comparable to the background concentrations measured by Zhu et al. (2002a), which reported a 
background concentration of 30,000 particles/cm3 at 300 meters, but the Zhu study was done in 2001 
and ultrafine particle concentrations have shown a region-wide decrease across the South Coast region 
over this time period.  

Two of the recently published studies on exposure to ultrafine particles in near-roadway environment in 
the LA basin are discussed here. Zhu, et al. 2005 concurrently measured ultrafine particle concentrations 
for four two-bedroom apartments located within 60 meters of the I-405 freeway. Three of these 
apartments are located on eastern side of the I-405 on the third floor. The fourth apartment is located 
on the western side of the I-405 on the second floor. All four apartments are within 50 meters of each 
other. Measurements were collected under three infiltration conditions:  infiltration, mechanical 
ventilation, and with an open window. Size-segregated number concentration of ultrafine particles were 
measured using SMPS (3936, TSI Inc.) between October and January of 2003. Total particle number 
concentration was also measured independently using a particle counters (Model 8525, TSI Inc.) with a 
lower cut size of 20 nm. The penetration of ultrafine particles into residences is quantified using the 
ratio of Indoor to Outdoor (I/O) number concentrations of ultrafine particles. The I/O ratios are 
highest—close to 1.0—across all particle size ranges when the windows are open. Under the infiltration 
(natural ventilation) condition, the highest ratios (0.6 to 0.9) were observed for larger particles in the 
size range of 70 to 100 nm, while the lowest I/O ratios (0.1 to 0.4) occurred for particles in the size range 
of 10 to 20 nm. Finally, the lowest I/O ratios (0.2 to 0.6) occurred when the fan was on (mechanical 
ventilation) and is attributed partial filtering by the air-handling system in these apartments. The 
generally high I/O ratios indicate that residents in the vicinity of freeways are potentially exposed to 
ultrafine particles at levels similar to those in the outdoor air. Similar exposures would be anticipated 
along I-710 in close proximity and at the same elevation level as the roadway.  
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In addition to the exposure in indoor environments, in-vehicle exposure while driving on heavily-
trafficked freeways is also shown to be significant. Zhu, et al. (2008) measured outdoor and in-vehicle 
particle number concentrations for three different vehicles (Volkswagen Jetta, Audi A4, and PT Cruiser) 
while driving on I-405 and I-710 in the LA area. Measurements were taken under three different air 
circulation conditions: 1) circulation fan off and recirculation off; 2) fan on and recirculation off; and 3) 
fan on and recirculation on. It is expected that outside air enters the vehicle only in conditions 1 and 2.  

Results showed that the particle concentrations inside the vehicle closely tracked outside 
concentrations under conditions 1 and 2. I-710, with a high proportion of trucks and therefore a large 
number of ultrafine particle emissions, resulted in the highest in-vehicle ultrafine particle concentrations 
and therefore the highest exposure as well. The penetration ratio (ratio of indoor to outdoor particle 
concentrations) was highest when both the fan and recirculation are off and varied between 0.3 and 0.5. 
These ratios are similar for both the freeways. Overall, maximum protection was obtained when both 
the fan and recirculation were on. Further, based on the observations from this study, the authors 
concluded that the exposure to ultrafine particles from a 1-hour commute on busy LA freeways is 
equivalent to 10 hours of exposure in urban backgrounds away from a freeway.  
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5. Current and Prospects of Future Regulations on Ultrafine 
Particles 

There are potentially two direct ways of regulating ultrafine particles: 1) by setting ambient standards, 
similar to that of PM mass per unit volume and other gas-phase pollutant standards, and 2) by 
regulating the tailpipe emissions, i.e., source-based regulation. Indirect ways of regulating ultrafine 
particles include restrictions on fuel composition. 

Currently, there is no ambient air quality standard any place in the world that regulates the number 
concentration of airborne particles. 

Until recently, there were no emission standards that regulated the particle number concentration from 
vehicle tailpipes. However, in July 2008, the UK Department of Transportation proposed an emissions 
standard for light and heavy duty compression (diesel) ignition vehicles at 6 X 1011 particles/km. These 
limits were agreed for inclusion in the European tailpipe standards for Euro-5 and Euro-6 emission 
standards. Euro-5 tailpipe particle number standards are being phased in starting in September 2011 
and fully phased for all models by January 1, 2013. The test methodologies for the implementation of 
this standard were developed under the Particulate Measurement Program (PMP) of United Nations 
Economic Commission for Europe (UNECE). PMP, initiated in 2001, is an inter-governmental research 
program to develop new vehicle exhaust measurement protocols for regulatory applications. The PMP 
focuses on development of methodologies to measure solid particles in the range 23 to 2500 nm. Per 
the PMP test procedure, only solid particles are counted towards the emission standard since any 
volatile material is removed from the sample. The US Environmental Protection Agency (EPA) has 
reviewed the PMP testing method and does not see this as an acceptable approach for the US partly 
because of the missing volatile material.  

The EPA has no immediate plans to regulate ultrafine particles. However, there is increasing interest 
within the EPA in researching investments directed towards the understanding of ultrafine particles and 
their significance relative to fine particles (PM2.5) and their role in causing adverse health effects. To 
address these questions, the EPA’s priority research goals include investigating ultrafine exposures and 
the role of different PM size fractions in health outcomes; exploring the potential for alternatives to the 
current PM mass-based standards; and examining the exposure and health effects of ultrafine 
components. 

In California, the California Air Resources Board (CARB) has authority to set its own standards through an 
exemption granted under the Clean Air Act if granted by EPA. Recently, CARB has indicated that 
regulatory actions may be forthcoming to reduce mass and particle number from engines under the LEV 
III standards. Specifically, they have proposed an optional PM emission standard beginning in 2014 for 
super ultra low emission light-duty gasoline vehicles (SULEV) to have a solid particle number less than 
6x1012 particles per mile, approximately equivalent to the European Union (EU) standard. This would 
allow vehicles to be certified for the EU standard and sold in CA without certification to the CARB PM 
emission standard. However, CARB has received feedback on several issues regarding testing procedures 
for this optional standard and may not include in its final recommendation to the state board due in 
December 2011. They anticipate now to continue pursuing a particle based standard once they have 
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addressed concerns over testing procedures for the standard. At this time there are no plans for 
regulating heavy-duty diesel engines as diesel particulate filters appear to be the only lowest achievable 
technology for reducing DPM emissions and this is the current technology being used in all new diesel 
engines. CARB will continue to look at issues on how to measure emissions of semi-volatile and volatile 
ultrafine particles. Technical staff from CARB will publish their final recommendations for California’s 
LEV-III standards to the Air Resources Board in late October 2011.  

Local agencies, such as SCAQMD, can also take steps to mitigate ultrafine particle pollution. These can 
be mainly through mandating requirements on the transportation fleet and also the design of the 
transportation infrastructure itself. As discussed earlier, heavy-duty engines emit a higher number of 
particles in high acceleration and low-speed scenarios. Therefore, measures to alleviate congestion and 
thus promote free-flow of traffic may lead to a reduction in ambient ultrafine particles.  

Recently, SCAQMD has announced plans for a new focus under their Multiple Air Toxic Exposure Study 
(MATES) program – MATES-IV. This study will include looking at measuring ultrafine particles as well as 
diesel PM near freeways, arterials, intersections, warehouse areas, rail lines, rail yards, and airports. The 
MATES-IV will examine ultrafine particles from both mobile platforms and fixed locations. Work plan 
and protocol development began this summer with advisory group meetings starting this fall and board 
approval by the end of the year. Monitoring for MATES-IV is planned to start in June 2012 and will 
continue for 1 year. It will be decided in the planning process if and how SCAQMD would conduct 
modeling of ultrafine particles.   

At least one study, Hussein et al (2007), has attempted to model the near-roadway ultrafine particle 
number. The modeling exercised in the study used both a dispersion model to simulate the transport 
and turbulent mixing from the roadway to downwind locations and an aerosol dynamic model to 
simulate particle number size distribution. Two winter periods were simulated in Helsinki, Finland. Even 
though the model used a very low mixing volume, the model underpredicted concentrations 65 meters 
downwind by about a factor of 3. This underprediciton was attributed to uncertainty in the emission 
factors for the ultrafines and the lack of specificity of those emissions factors under varying ambient 
conditions (e.g., temperature and relative humidity).   

In addition to modeling of ultrafine particles, recent efforts have focused on the development of 
emission inventories for ultrafine particles (Keogh and Sonntag 2011). In this study, the authors 
developed what they believe is the first published emission inventory of ultrafine particles generated by 
on-road mobile sources. This emissions inventory was prepared for urban Southeast-Queensland, 
covering 46,000 square kilometers, which includes all of the Brisbane metropolitan area. The inventory 
quantified both ultrafine particles (particle number) and particle mass emissions for the motor vehicle 
fleet, which included light and heavy duty vehicles and buses. The inventory covers a full size range of 
particles emitted by motor vehicles, and quantified emission rates for different vehicle types and road 
links. Average particle number and particle mass emission factors were derived using statistical analysis 
of more than 600 emission factors as identified in the published literature and combined with travel 
demand model data for the study region relating to 22,985 model links representing roads in the study 
region. The average particle number was considered suitable for use in other developed countries for 
quantifying particle inventories. This assumption is based on the finding in the statistical analysis that 
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relatively few statistically significant differences were found between the mean values of published 
emission factors for different particle metrics for different countries of study and study location 
(measured on a dynamometer, in a tunnel, or in the vicinity of a road). Results from the study showed 
that for Brisbane, the annual emissions from on-road mobile sources was in aggregate about the same 
as annual particle number emissions due to artifact operations from Brisbane International Airport. The 
ultrafine inventory also revealed that while heavy-duty diesel vehicles only contributed 6% of the vehicle 
miles traveled, they accounted for more than half of the region’s ultrafine particles.  
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6. Summary  
Following are some major conclusions based on the current understanding of ultrafine particles.  

 Studies have shown that ultrafine particles are at significantly elevated levels in near-roadway 
environments. These particles, which constitute most of the particle count in the ambient PM, have 
been linked to adverse health effects. 

 Meteorological conditions have a significant effect on the distribution of ultrafine particles from 
roadways; the highest exposure to populations in the prevailing downwind direction.   

 Although there have been major advances in the development of instrumentation to characterize 
ambient ultrafine particles, especially their number concentration, some challenges still remain. 
These mainly include the lack of standardized protocols which are essential for monitoring and 
developing regulations on ultrafine particles. 

 Heavy-duty diesel trucks are the largest emitters of ultrafine particles among all vehicle classes. 
However, currently there are large uncertainties in relation to vehicle emission factors of ultrafine 
particles. This is partly due to the variability of emissions based on the fuel-type, fuel composition, 
and engine load and control technologies/after treatment devices.  

 Measurement studies have shown that ultrafine particles are at significantly elevated levels in the 
vicinity of I-710. These high concentrations drop exponentially with the distance from the freeway 
and reach urban background levels at around 300 meters.    

  Studies have shown that ultrafine particles can penetrate efficiently into indoor environments. 
Therefore, people living and working in the vicinity of major highways are exposed to high levels of 
ultrafine particles. Furthermore, in-vehicle exposure while driving on highways is also shown to be 
significant.  

 Currently there are no immediate plans to directly regulate ambient levels. However, CARB has 
proposed a solid particle number standard for tailpipe emissions for SULEVs starting in 2014.  
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a b s t r a c t

Emission control technologies designed to meet the 2007 and 2010 emission standards

for heavy-duty diesel vehicles (HDDV) remove effectively the non-volatile fraction of

particles, but are comparatively less efficient at controlling the semi-volatile components.

A collaborative study between the California Air Resources Board (CARB) and the

University of Southern California was initiated to investigate the physicochemical and

toxicological characteristics of the semi-volatile and non-volatile particulate matter (PM)

fractions from HDDV emissions. This paper reports the physical properties, including size

distribution, volatility (in terms of number and mass), surface diameter, and agglomera-

tion of particles emitted from HDDV retrofitted with advanced emission control devices.

Four vehicles in combination with six after-treatment devices (V-SCRTs, Z-SCRTs, CRTs,

DPX, Hybrid-CCRTs, EPF) were tested under three driving cycles: steady state (cruise),

transient (urban dynamometer driving schedule, UDDS), and idle. An HDDV without any

control device is served as the baseline vehicle.

Substantial reduction of PM mass emissions (490%) was accomplished for the HDDV

operating with advanced emission control technologies. This reduction was not observed

for particle number concentrations under cruise conditions, with the exceptions of the

Hybrid-CCRTs and EPF vehicles, which were efficient in controlling both—mass and

number emissions. In general, significant nucleation mode particles (o50 nm) were

formed during cruise cycles in comparison with the UDDS cycles, which emit higher PM

mass in the accumulation mode. The nucleation mode particles (o50 nm) were mainly

internally mixed, and evaporated considerably between 150 and 230 1C. Compared to the

baseline vehicle, particles from vehicles with controls (except of the Hybrid-CCRTs) had a

higher mass specific surface area.

& 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Recent in vitro and in vivo animal studies suggest that
ultrafine particles (for this study particles o180 nm) may

be more toxic than both PM2.5 and PM10 (Li et al., 2003;
Oberdorster, 2000). The most prominent sources of
ultrafine particles in an urban metropolis like Los Angeles
are vehicular emissions and secondary photochemical
reactions (Fine et al., 2004; Zhang et al., 2004). Heavy-
duty diesel trucks constitute only a small fraction of the
total fleet in California but have an important contribution
to the emissions of fine and ultrafine particles. Diesel
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exhaust particles (DEP) are normally agglomerates of
hundreds of volatile/semi-volatile species adsorbed onto
its refractory carbonaceous core (Bayona et al., 1988).
Some of these constituents are known carcinogens
(Stayner et al., 1998; Solomon and Balmes, 2003). Also
DEP are capable of inducing systemic inflammation by
imparting oxidative stress in susceptible cells (Koike et al.,
2002; Shima et al., 2006) and are instrumental in causing
asthma symptoms and may contribute to cardiopulmon-
ary diseases (McClellan, 1987; Dockery et al., 1993, Nel
et al., 2001).

As general perception has emerged towards the
potential risks of diesel particulate matter (PM), policy
makers are promulgating stricter emission control rules
and regulations. The US EPA 2007 emissions standard
reduces the diesel PM mass emission from heavy-duty
engines ten fold from the old 0.1 g bhp�1 h�1 PM limit to
0.01 g bhp�1 h�1 (Merrion, 2003). To effectively meet such
stringent emission standards, various advanced engine
design and control technologies are being considered and
rigorously evaluated for the newer fleet of heavy-duty
trucks. While these after-treatment devices (such as diesel
particulate filters (DPF)) have been highly efficient in
removing refractory solid particles (450 nm), some of the
potentially harmful volatile and semi-volatile species
(such as PAHs), originally emitted in the vapor phase at
high plume temperature, may penetrate through (Kittel-
son et al., 2006; Matter et al., 1999a). As the exhaust
temperature decreases drastically at the tail pipe exit,
these vapor phase species condense and form fresh
nucleation mode particles. (Kittelson, 1998).

Various on-road as well as dynamometer experiments
have shown that these particles are predominantly
externally mixed (except particles o20 nm). The volatile
fraction roughly contributes 10–30% of the total mass and
70–90% of particles by number (Sakurai et al., 2003).
Particle volatility is strongly dependent on gas to particle
phase partitioning and is extremely sensitive to dilution
and temperature conditions (Liu et al., 2007a; Abdul-
Khalek et al., 1999; Wei et al., 2001a, b; Kuhn et al., 2005,
Biswas et al., 2007). Zhang and Wexler (2004) showed
that condensation, evaporation and dilution are the three
major factors affecting the evolution of size distribution
near a freeway. Thus, particle volatility plays key roles in
shaping the particle size spectrum and eventually deter-
mining the level of human exposure to different aerosol
components (volatile or non-volatile) originating form
traffic emissions.

In addition to volatility, particle surface characteristics
are important physical parameters in determining PM
toxicity. Some researchers have argued that particle
surface area is a better metric to predict health endpoints
than particle mass or number and should be included as
an essential element while considering new regulatory
tools (Maynard, 2006; Oberdörster et al., 2005; Nygaard
et al., 2004). This is because the availability of reaction
sites to cause cell damage is more likely to be directly
proportional to surface area available to lungs (Maynard,
2006). Surface properties will also be relevant in future as
the control technologies are reported to generate con-
siderable number of small particles (Bagley et al., 1998;

Geller et al., 2005) leading to a net increase in surface area
per unit mass of PM.

The primary objective of this collaborative study
between the California Air Resources Board (CARB) and
the University of Southern California is to estimate
physicochemical and toxicological characteristics of the
volatile and non-volatile fractions of particles emitted
from a variety of different engines, fuels and emissions
control, each operating under different driving conditions
using a dynamometer setup. In this paper, we will focus
only on the physical PM properties, i.e. size distribution,
volatility and surface characteristics for diesel vehicles
retrofitted with state-of-the-art after-treatment devices.
Comparisons within HD vehicle types and driving cycles
and also with respect to a baseline vehicle (without any
control technology) will be discussed. Details of PM
chemical and toxicological characteristics from these
vehicles will follow in subsequent publications.

2. Methods

Experiments were carried out at the CARB’s heavy-
duty diesel emission testing laboratory (HDETL) in down-
town Los Angeles. Ayala et al. (2002) described the
dynamometer specifications in details. Fig. 1 shows the
schematic of the experimental setup. The sampling train
includes heavy-duty chassis dynamometer, constant
volume sampling (CVS) dilution tunnel and aerosol
samplers. Diesel vehicle exhausts were transported by a
stainless steel hosepipe and diluted with filtered air
through the CVS. Measurements were taken 18 diameter
lengths downstream of the exhaust introduction in the
CVS. Three driving cycles, i.e. steady state cruise (50 mph),
transient (EPA urban dynamometer driving schedule
(UDDS)) and idle were tested to simulate various real-
world driving conditions. The fuel used to run the engines
was CARB ultra-low sulfur diesel (ULSD) with sulfur
content o15 ppm. Tunnel blank levels were measured
and vehicles were conditioned (warmed up) everyday
before the start of official runs. The CVS was cleaned
before starting the project.

2.1. Vehicles

The test fleet comprised of four heavy-duty diesel
vehicles (HDDV) in seven configurations (Table 1). A 1998
Kenworth truck was served as a baseline vehicle, without
any emission control technology. The same Kenworth
truck was also tested with three different control
technologies: a continuously regenerating technology
(CRTs), consisting of a diesel oxidation catalyst (DOC)
followed by an uncatalyzed trap; CRTs in combination
with a selective catalytic reduction system (Zeolite- or
vanadium-based SCRTss). The SCRT systems used for this
study were prototype systems and not yet ready for full-
scale production. The other three test vehicles were a
diesel hybrid electric bus, a school bus, and a Caltrans
truck.

The two SCRTs technologies consist of a wall-flow
particulate trap (CRT) followed by an SCR section. The
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CRTs was the same in each configuration. The difference
between them lies in the choice of catalysts (vanadium or
Zeolite) for the SCR to control oxides of nitrogen (NOx).
The Caltrans truck, with a smaller engine (7.6 L) than the
Kenworth truck (11 L, Table 1), is retrofitted with an
Engelhard DPXs filter. The DPXs filter is comprised of a
diesel particulate trap with a catalytic wash-coat. The
diesel hybrid electric bus (San Joaquin Valley RTD) is
equipped with a catalyzed continuously regenerative trap,
or CCRTs, consisting of a DOC followed by a catalyzed
trap, which was virtually brand-new, with only 1000 miles
on the odometer. The last test vehicle was an Elk Grove
school bus, equipped with an electric particle filter (EPF).
The EPF consists of a non-catalyzed silicon carbide
substrate for PM control, coupled with an electric heating
element and a small blower. The trap is regenerated
periodically using electricity from the grid (plug in
configuration) during non-operational periods—mostly
at night. Hereafter, the test fleet is referred as baseline,
CRTs, V-SCRTs, Z-SCRTs, DPXs, Hybrid-CCRTs and EPF.

The dilution air flow rate at CVS was 2600 cfm
(74 m3 min�1) for cruise and UDDS cycles, and 1600 cfm
(45.4 m3 min�1) for the idle. For EPF and Hybrid-CCRTs,
the flow rates were maintained at 1600 cfm for all cycles.
These flow rates result in approximate dilution ratios of
6–9 for cruise, 5–80 for UDDS, and 15–25 for idle.

2.2. Equipment and instruments

Specific descriptions of some of the instruments and
equipment used for this study are provided in this section.

2.2.1. Nano-MOUDI

Size-resolved samples were collected using a micro-
orifice uniform deposited impactor (MOUDI) upstream of
a nano-MOUDI (MSP Corporation, Minneapolis, MN, USA)
loaded with pre-cleaned aluminum foil substrates. Parti-
cles were classified in the following aerodynamic size
ranges: 10–18 nm, 18–32 nm, 32–56 nm, 56–100 nm,
100–180 nm, 180 nm–2.5mm, and 42.5mm. The MOUDI-
Nano MOUDI tandem was operated for multiple runs in

order to accumulate sufficient mass for chemical analysis
for each vehicle and driving cycle.

2.2.2. DMS/EEPS

Size distribution of engine exhausts from the CVS was
monitored every second by two multiple channel differ-
ential mobility spectrometers: a DMS500 (Cambustion)
and an engine exhaust particle sizer (EEPS 3090, TSI Inc.).
Both DMS and EEPS classify particles on the basis of their
mobility diameter. The cut-off size ranges of EEPS and
DMS are 5.6–523 nm and 4.5–1000 nm, respectively. With
high-time resolutions, they are both capable of tracking
transient particle behavior, especially during UDDS cycles.
With few exceptions (V-SCRT, Z-SCRT only), in which the
DMS was placed downstream of the particle measurement
program (PMP) sampler, both instruments were con-
nected directly to CVS.

2.2.3. PMP

A PMP protocol was developed in Europe to measure
the solid particle emissions from light-duty vehicles. The
sampling train of PMP contains a volatile particle remover
(VPR) and a particle counter. The VPR provides two stage
dilution connected by an evaporation tube (ET). The
temperature for the primary dilution, ET and secondary
dilution is 150, 300, and �35 1C, respectively. Detailed
information for the PMP can be seen in Herner et al.
(2007a).

2.2.4. Thermodenuder

Particle volatility was determined by two thermode-
nuders (Model ELA-230, Dekati Ltd.) sampling in parallel,
each heating the entering aerosol to 150 and 230 1C,
respectively. The thermodenuder consists of a heating
section, followed by an adsorption/cooling unit. As aerosol
stream was drawn from the CVS and passed through the
heating tube, part of its volatile/semi-volatile components
was sheared off. These labile species adsorb onto a layer of
activated charcoal placed on the walls of the thermo-
denuder, leaving the non-volatile PM fraction to be
collected on Teflon filters (47 mm, PTFE, Gelman) placed
downstream of the thermodenuders. Multiple runs were

Q = 2600 or 1600 cfm

Dilution Air CVS

PMP

Exhaust from
Testing Vehicles

EEPS
CPC

PAS EAD
DMS

CPC

CPC

Thermal Denuder
T=150 °C, 230 °C

MOUDI-
NanoMOUDI

High Volume
Sampler

Cyclone

Primary Dilution

Evaporation tube

Secondary Dilution

Fig. 1. Experimental setup.
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Table 1
Details of test fleet

Vehicle Engine After treatment (AT) Dilution

(approximate

dilution ratio in

CVS)

Make Nomenclature Year Miles Curb weight (lb) GVWR (lb) Tested weight

(lb)

Model Size (L) Type Miles on AT

Kenworth V-SCRTs 1998 360,000 26,640 80,000 53,320 Cummins

M11,

reflashed

11 Vanadium-

based SCRTs

50,000 9.2 cruise

6– 30 UDDS

14 idle

Kenworth Z-SCRTs 1998 360,000 26,640 80,000 53,320 Cummins

M11,

reflashed

11 Zeolite-based

SCRTs

0 on SCR, 50,000

on CRT

9.2 cruise

6– 30 UDDS

14 idle

International DPXs 1999 40,000 15,030 27,500 20,920 International

DT466E 7.6

Engelhard DPX 30,000

6.2 cruise

5– 25 UDDS

22 idle

Gillig (35 ft)

with Alison

hybrid

Hybrid-CCRTs 2007 1000 NA NA NA Cummins 5.9 CCRTs 1000 5– 50 UDDS

Thompson-

school bus

EPF 1988 325,000 NA NA NA Cummins 5.9 Cleaire-Horizon 32,000 8.3 cruise

8– 80 UDDS

25 idle

Kenworth CRTs 1998 NA 26,640 80,000 53,320 Cummins

M11,

reflashed

11 Continuously

regenerating

technology

64,000 9.2 cruise

6– 30 UDDS

14 idle

Kenworth Baseline 1998 374,000 26,640 80,000 53,320 Cummins

M11,

reflashed

11 None NA 9.2 cruise

6– 30 UDDS

14 idle
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integrated to achieve desired sample mass loadings on
these filters to perform various chemical and toxicological
analyses. Solid particle number concentrations and size
distributions were monitored intermittently by a con-
densation particle counter (CPC 3022 A, TSI Inc., MN) and
a differential mobility particle sizer (DMA, TSI 3085).

2.2.5. Electrical aerosol detector (EAD)

Several instruments are currently in use to assess PM
surface related properties. In this study, a diffusion
charger, the TSI EAD 3070A, was used to characterize the
transient as well as steady state behavior of aerosols. The
EAD consists of a unipolar diffusion charger and an
electrometer. Particles are charged by diffusion and then
drawn through the electrometer which records total
current (I) carried by the aerosol stream. Studies have
shown that the response of EAD is a function of D1:1321:16

p

(Woo et al., 2001; Jung and Kittelson, 2005; Wilson et al.,
2007). This response is particularly an useful PM metric
because it corresponds to the actual particle surface area
exposed to the environment and can be used to quantify,
for example, the area available for adsorption of gaseous
species or for interaction with the epithelial tissue in the
lungs (Wilson et al., 2007). Because the EAD signal is
closely related to aerosol diameter (Jung and Kittelson,
2005) the manufacturer has marketed this instrument to
indicate total aerosol length in mm cm�3.

2.3. Data reduction

The physical properties of aerosols from the various
vehicles and driving cycles were reduced to three
variables, originally introduced by Ntziachristos and
Samaras (2006) intended to serve as means to discrimi-
nate the effects of fuel, driving condition and vehicle
control technology on particle emissions in dynamometer
studies. These variables are as follows:

� Reduced variable 1: volatility ratio

R ¼
NExhaust

NTD
, (1)

where NExhaust is the total dilution corrected DMS or
EEPS number concentration at the CVS (DpX7 nm), NTD

the number concentration measured by CPC after the
thermodenuders (DpX7 nm).
This is a measure of particle volatility in terms of
number concentration.
� Reduced variable 2: surface-rated diameter

The EAD electrometer current is given by (Woo et al.,
2001)

I ¼ NpNteQ , (2)

where I is the total current measured by EAD (fA); Np

the charge (charge particle�1) attachment, 0:0181D1:13
s

(Jung and Kittelson, 2005); Ds the surface-rated
diameter (nm); e the elementary charge, 1.6�10�19 C;
Q the aerosol flow rate through EAD, 1.5 lpm (1.5 lpm
aerosol, 1 lpm sheath flow); Nt the total exhaust
particle number, 10–1000 nm from DMS, 10–523 nm
for EEPS.

Note: particle number in the 523–1000 nm range is
insignificant.
Now substituting in Eq. (2)

Ds ¼
I

0:0181NteQ

� �1=1:13

. (3)

� Reduced variable 3: mass specific surface area

A ¼
S

PM
, (4)

where A is the mass specific surface area (m2 g�1), S the
surface concentration, m2 km�1. For the calculation of
A, the EAD current was converted to particle surface
area using the conversion factor of 65 mm2 pA�1

(R2
¼ 0.9, alveolar deposition) reported by Wilson et

al. (2007). PM is the total particle mass collected
between 10 nm and 2.5 mm nano-MOUDI stages, mg
km�1.
The nano-MOUDI substrate mass (p2.5 mm) measure-
ments were in excellent agreement with parallel CARB
reference filter measurements (R2

¼ 0.99;
slope ¼ 0.95, intercept ¼ 2.4 mg km�1) and used to
calculate mass-based parameters. Filter mass was used
only for V-SCRT-Cruise (nano-Moudi data not avail-
able).
It is a measure of particle agglomeration. Particle
agglomeration increases with decreasing A.

3. Results and discussion

3.1. Size distribution

Fig. 2 presents tunnel blank-subtracted mean size
distributions for vehicles at different operating conditions.
These distributions derived from DMS/EEPS measure-
ments are grand averages of multiple runs for each driving
cycle. The data are reported in terms of number per
vehicle kilometer traveled for cruise and UDDS cycles, and
number per hour for idle. The primary focus here is to give
a brief overview in order to provide meaningful insights
and support to some of the findings described in
subsequent sections.

While performing preliminary quality assurance–
quality control (QA/QC) of real time data for SCRTss
(V-Cruise, UDDS, Z-Cruise), we noticed that few EEPS sizes
channels (10–20 nm) were almost always saturated due to
particle over-loadings. These size bins were subsequently
replaced with corresponding secondary dilution-corrected
DMS data (the DMS was placed downstream of the PMP
secondary dilution with the ET off) to obtain more
accurate size distributions. For rest of the test fleet (except
CRTs), we used data from the DMS, which was directly
connected to the CVS. We have added a tunnel blank
distribution in Fig. 2f (baseline vehicle).

Size distribution patterns for both SCRTss are quite
similar with sharp modes (Fig. 2a, b) at �10 nm. The
distinguishable feature is the less prominent nucleation
mode for UDDS runs especially for the Z-SCRT-UDDS cycle.
This may be due to the fact that the Zeolite-SCRT requires
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much higher temperature to trigger and sustain nuclea-
tion than the vanadium-based SCRT catalysts (Herner
et al., 2007b). Moreover, in general the zeolite catalysts
have lot more catalytic surface area than vanadium
catalysts and the Z-SCRT system used for this study is
completely new (Table 1). These provide higher storage
sites for sulfate generated by the upstream DOC and DPF
during transient and low-temperature testing.

Although the main purpose of SCRs technologies is to
reduce NOx by ammonia, at elevated temperatures, their
in-built catalysts may encourage the formation of sulfate,
an important component acting potentially as seed
aerosol for particle formation by condensation of semi-
volatile organic vapors, as explained earlier. Chemical data
collected will be used to determine composition and will
be reported in future publications. For a brief sampling
period, we bypassed the SCR portion from exhaust after-
treatment system (SCRTs) just to investigate the impact
of the SCR catalysts. Although, this modification did not
result in visible alteration of the shape (on log scale) of the
distributions (CRTs, Fig. 2e), number concentration
decreased by a factor of 2–3 from the V-SCRT and Z-SCRT

cruise cycles—suggesting SCR catalyst’s role on nuclea-
tion. Unlike cruise or UDDS cycles, idle runs are char-
acterized with remarkably low particulate number
emission rates, coupled with broad size distributions
(Fig. 2a, b). The second test engine, Engelherd-DPXs

(Fig. 2c) displays a dominant nucleation mode, almost
identically to the SCRTs/CRT. It has been hypothesized that
the catalyst wash-coat on DPF (if saturated) may be
enhancing the conversion of SO2 to SO3/sulfate and partially
stimulates the nucleation process (Hansen et al., 2001).

Contrary to the general notion that particulate filters
augment nucleation, the hybrid vehicles (with a CCRTs)
and the school bus (with an EPF) were found to be highly
efficient in suppressing if not eliminating this PM mode.
The Hybrid-CCRTs vehicle (Fig. 2d) resulted in concentra-
tions (CVS) in the range of �104 particles cm�3, thus a
1000-fold improvement over the previously tested vehi-
cles (4107 particles cm�3). We hypothesize that the initial
capacity of its relatively new trap (with only 1000 miles
on it) to store sulfur has significantly suppressed the
formation of nuclei mode particles. Once all the storage
sites are saturated, nucleated sulfate particles are
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Fig. 2. Particle number size distribution.
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expected (Kittelson et al., 2006). For this vehicle, only a
few odd large particles are left downstream (Fig. 2d). The
school bus (Fig. 2d), however, was the cleanest amongst
the entire test fleet with number emissions o1500 parti-
cles cm�3 measured in the CVS. It is important to note
here that this vehicle is equipped only with an uncata-
lyzed filter (EPF), which is least likely to enhance the
nucleation process. Thus, nucleation is not only control
device specific but also a function of age and operating
conditions, e.g. temperature of the catalysts.

The baseline truck, on the other hand, represents the
older genre of vehicles and was found to emit substantial
amounts of larger particles (Fig. 2f) with modes in the
60–100 nm range. Because of their large surface area,
these accumulation mode particles act as adsorption sites
and thus perfect sinks for organic vapors, leading to
suppression of nucleation mode (Liu et al., 2007b).

3.2. Size segregated mass emission factors

Size fractionated mass emissions factors (in mg km�1

or mg h�1) are calculated based on the loadings on the
MOUDI-nano-MOUDI impaction plates. The mass loadings
on the individual substrates are generally low for retro-
fitted vehicles and depending on size ranges variation in
the order of 20–40% (standard deviation/mean; from few
duplicate measurements) are observed.

Although a direct correspondence of mobility and
aerodynamic diameters is not accurate without establish-
ing some conversion factors, we can utilize the informa-
tion from Table 2 to complement the mobility size
distributions (Fig. 2) described before. Number and
mass-based size distributions are found to be in reason-
able agreement with each other in terms of their trends.

The emission factors are remarkably low (�1–12 mg
km�1) for the fleet operated with control technologies
compared to the baseline vehicle (�80–316 mg km�1).
While the majority (495%) of PM mass is concentrated
between 100 nm and 2.5 mm for the baseline truck, nuclei
modes are clearly visible for vehicles retrofitted with
control devices. Significant reduction (490%) of the mass
is achieved for vehicles retrofitted with control devices.

Some general trends and inferences can be drawn from
Fig. 2 and Table 2. Consistent with previous studies
(Kittelson et al., 2006; Vaaraslahti et al., 2004) the
majority of the control technologies evaluated here have
promoted bulk production of nano-size (nucleation)

particles during steady state and high-speed segment of
transient running cycles. The cruise cycles on average
generate higher nucleation and lesser accumulation mode
particles than the UDDS cycles. The differences between
these driving cycles are even more pronounced in mass
distributions (Table 2): significant shifts towards larger
sizes are apparent in UDDS runs due to increased emission
of accumulation mode particles during the acceleration
processes (Polidori et al., 2008). Aerosol formation
mechanism, poorly understood till date, seems to be a
function of vehicle type and driving conditions and
retrofit design.

Fig. 3 is an informative graph showing a plot of number
EFs vs. mass EFs (nano-MOUDI, except V-SCRT-Cruise) for
each vehicle and driving cycle. Each data point corre-
sponds to a cruise or an UDDS cycle for a given vehicle.
The graph shows that for several of the after-treatment
devices tested, particle number emissions increase with
reduced mass emissions. There are some outliers or
exceptions observed for Z-SCRT at UDDS cycle, Hybrid-
CCRTs, EPF and Idle (not shown) for which both number
and mass EFs are relatively low. Thus, most of the new
after-treatment devices appear to be highly efficient in
reducing mass emissions but some are not effective in
controlling number concentrations due to the formation
of nuclei mode particles. These findings are potentially
very important if number-based standards are considered
in the future.

3.3. Particle volatility

The extent of particle volatility in terms of total count
is illustrated quantitatively by the reduced variable 1 (R)
plotted in Fig. 4 for various vehicles and cycles. R was
calculated at 150 and 230 1C except in few occasions
(Hybrid-CCRTs, EPF) when both the thermodenuders
were operated at 150 1C to maximize our capability to
collect mass of non-volatile particles. Theoretically, this
ratio (R) should be greater or equal to unity and its
increase corresponds to higher particle volatility. For the
majority of the cases, R at 230 1C is at least an order of
magnitude higher than their counterparts at 150 1C,
indicating complete disappearance of large fraction of
particles within this temperature window.

Particle volatility was also observed to be somewhat
sensitive to driving conditions and type of control
technology used. For instance, cruise mode particles are

Table 2
Size-fractionated mass EFs (mg km�1 for cruise and UDDS, mg h�1 for idle)

Size (nm) V-SCRT Z-SCRT DPX Hybrid-CCRT CRT EPF Baseline

UDDS Idle Cruise UDDS Idle Cruise UDDS Idle UDDS Cruise UDDS Cruise UDDS Idle Cruise UDDS Idle

10– 18 0.73 3.18 0.90 0.17 1.06 0.65 0.56 4.91 0.26 1.35 1.25 0.04 0.05 5.92 1.02 1.39 19.363

18– 32 1.44 2.48 1.48 0.34 3.54 0.29 0.46 1.89 0.12 0.86 1.52 0.22 0.08 3.48 1.96 2.54 60.241

32– 56 2.46 1.77 1.60 0.32 1.42 0.30 1.25 12.45 0.22 0.98 3.19 0.12 0.16 5.92 5.96 10.7 565.83

56– 100 1.36 4.25 1.15 0.17 0.35 0.11 0.60 3.40 0.33 0.49 0.55 0.14 0.10 4.53 9.98 19.6 600.26

100– 180 0.86 12.03 0.53 0.62 3.54 0.27 0.41 7.92 0.17 0.57 1.52 0.07 0.05 3.13 29.4 86.8 2327.9

180– 2500 1.07 7.78 0.97 0.55 0.00 0.21 0.20 3.02 0.57 1.15 2.63 0.15 0.29 8.71 31.1 192 6049.9

42500 0.83 6.37 0.50 0.66 3.18 0.20 0.35 5.66 0.35 0.37 0.83 0.12 0.17 7.66 1.03 3.41 346.39
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extremely volatile with maximum R-values
(�4000–10,000) at 230 1C for V-SCRTs, DPXs and CRTs.
The fact that o�0.1% of particles persisted at 230 1C for
most of the fleet with control technologies can logically be
explained by the presence of unstable (volatile) fresh nano
particles. Although the same Kenworth truck is used to
evaluate various after-treatment devices (V-SCRTs,
Z-SCRTs, CRTs), the Zeolite catalysts, especially during
UDDS runs, seem to emit particles with a slightly higher
heat resilience, which is consistent with the fact that
nucleation mode particle were in lower concentrations for
that vehicle and cycle (Fig. 2b). As expected, the baseline
vehicle had the highest fraction of non-volatile particles in
all cycles. Lower volatility is also observed during all idle
runs, EPF and Hybrid-CCRTs vehicles. While we expect
the baseline truck to emit large amounts of refractory

elemental carbon, lower number loss for other vehicles/
cycles should be attributed to their insignificant particle
emission rate and/or absence of the nucleation mode
particle formation.

The significant particle number loss between 150 and
230 1C, especially for cruise cycles, may be better elucidated
by the evaporation profiles shown in Fig. 5. The majority of
particles in the 7–20 nm size range for DPXs and CRTs

have disappeared as the aerosol stream is heated from 150
to 230 1C. This is in total contrast to the baseline vehicle,
where no noticeable shift in size spectrum is observed.
Matter et al. (1999a, b) reported very similar thermal
desorption trends between 172 and 204 1C for particles
sampled downstream of a DPF. These results further justify
our temperature choices for the two thermodenuders,
which will hopefully enable us to discern differences in
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the toxicological responses associated with the nucleation
mode on particles of these different vehicles.

Fig. 6 presents the amount of mass fraction retained
(non-volatiles) at 150 and 230 1C. We obtained these
ratios from gravimetric filter measurement of denuded
and undenuded samples. Particle number is not a good
surrogate of its mass. Thus, except in the case of baseline
vehicle, number loss (Figs. 4 and 5) has not linearly
translated into equivalent particle mass reduction. While
499% of the particles completely disappear at 230 1C for
SCRTs, CRT and DPX at cruise and UDDS runs, an
appreciable fraction of mass (20–40%) remains intact.
Quite a reverse trend is observed for idling, EPF and
Hybrid-CCRTs (low-number emission scenarios with
insignificant nucleation mode)—relatively low number
volatility is accompanied with significant mass loss. A
study (Biswas et al., 2007) conducted in close proximity of
a freeway with the highest percentage of diesel fleet
(�18%) in the USA demonstrated that a substantial

amount of particle mass could be lost from larger ultrafine
particles (440 nm) due to heating without loosing a
significant amount of their total counts. The mode of the
size distribution shifted to lower size ranges, as a result of
the depletion of the aerosol mass, but overall these
particles simply decreased in size but did not disappear
during heating, unlike the much smaller nucleation
mode PM.

Particle volatility analysis could be used to at least in
part infer particle chemical composition. Researchers have
shown that diesel nuclei mode particles are dynamic
mixtures of sulfate and organics (Grose et al., 2006;
Scheer et al., 2005). Sulfates can either be in the form of
pure sulfuric acid (classical binary nucleation theory of
H2SO4–H2O) or neutralized salts (NH4SO4, NH4HSO4, etc.).
The neutralized species are refractory even at 200 1C;
however, H2SO4 evaporates completely at a much lower
temperature (�125–150 1C) due to its high vapor pressure
(Orsini et al., 1999; Schmidt et al., 2002). The organic
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fraction is comprised not only of volatile unburned lube
oil constituents, but also residual low vapor pressure
organics (Tobias et al., 2001). From TEM analysis of
particles captured downstream of a DPF, Mathis et al.
(2004) further inferred that these nano-particles are
likely to be composites of various species possessing
diverse volatility characteristics. Although, from the above
discussion, the bulk loss of nucleation mode particles in
Figs. 4 and 5 appears to be due to evaporation of sulfates
and volatile/semi-volatile organics between 150 and
230 1C, complete chemical speciation is essential to reach
any educated conclusion and will be the topic of a
subsequent publication of our group.

3.4. Particle surface properties

3.4.1. Reduced variable 2: surface-rated diameter

The surface-rated diameters (Ds) calculated from EAD
surface concentrations are illustrated in Fig. 8. Ideally, Ds

should be very close, if not higher than the arithmetic
mean particle diameter. Average surface-rated diameters
are calculated for all the vehicles except for school bus
(EPF) where EAD signals are below the instruments
detection limit. It is evident from the plot that cruise
mode Ds, irrespective of types of control technologies, are
smaller (�25–40 nm) compared to the transient driving
cycles (�75–100 nm). This is consistent with the increased
formation of elevated level of nuclei mode particles
(o50 nm) during the steady state and larger amount of
accumulation mode particles in UDDS cycles. Considering
negligible variations in the accumulation modes (Harris
and Maricq, 2001), also shown in Fig. 2 and Table 2, we
can thus use Ds as a good indicator for the presence or
absence of freshly nucleated particles.

During a typical transient run (i.e. UDDS cycles), an
engine experiences acceleration, deceleration, steady
state, and idling phases, which result in frequent changes
in exhaust particle characteristics in terms of their size
distribution, total count and surface concentration. Accel-
eration and high-speed cruise modes produce significant
number of small particles, followed by their absence

during deceleration and idling. Thus, rapid variation in Ds

coupled with higher accumulation modes (Fig. 2, Table 2)
eventually translates into higher mean surface
diameter for UDDS runs. This phenomenon can be
elucidated succinctly by time series plots (Fig. 8a, b)
of particle number, EAD response (fA) and corresponding
mean surface diameter (Ds) for a selected DPXs UDDS run
(Fig. 8a). EAD signals and total counts track each
other well; however, the Ds plot follows a reverse trend.
Surface diameter goes up and down (50–500 nm) at the
initiation of acceleration or deceleration when the total
count is still low, or drops down drastically. The lowest
surface diameter (�20–30 nm) was recorded during the
later stages of acceleration, or at high-load conditions
(steady state) as small particles predominate the size
distribution.

Unlike the other vehicles (where similar behavior
observed as that of Fig. 8a), the baseline truck maintains
a high particle number concentration (4106

particle cm�3) over the entire span of the UDDS runs,
which greatly dampens the fluctuation in Ds (Fig. 8b). This
explains its resultant lower mean surface diameter
(�60 nm) (Fig. 7) despite the significant contribution of
accumulation mode particles. Also, the lower difference in
Ds for the cruise and UDDS can be attributed to the
relatively higher number of nucleation mode particles in
UDDS than cruise unlike other vehicles.

3.4.2. Reduced variable 3: mass specific surface

concentration

Fig. 9 shows mass specific surface concentrations for
the various vehicles and driving cycles tested. This PM
property is inversely proportional to the mean particle
size of DEPs, thereby providing an indirect measure of the
extent of particle agglomeration. Therefore, the decrease
of ‘A’ implies an increased contribution of coagulated or
accumulation mode particles. The accumulation mode
particles scavenge nucleation precursor species (Liu et al.,
2007b), as mentioned before. Thus, particle agglomeration
is an important parameter to indicate suppression of
nuclei mode particles.
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The mass specific surface area, based on EAD surface
concentration, have values in the range of 1–100 m2 g�1,
which are consistent with those measured by Brunauer–-
Emmett–Teller (BET) technique (26–72 m2 g�1, Duran
et al., 2002). A study by Ntziachristos and Samaras
(2006) reported somewhat higher values of the mass
specific surface area from heavy-duty passenger vehicles
(300–500 m2 g�1).

Cruise cycles on average have slightly higher values
(5–10%) of ‘A’ compared to their respective UDDS cycles of
a given vehicle, indicating their less agglomerated particle
structures. Although the shape and size of accumulation
modes are quite similar, if not identical, for both cycles
(Fig. 2), steady state operations are associated with higher
nucleation mode. As EAD signal is weighed towards
smaller particles (Jung and Kittelson, 2005), cruise cycles
are likely to trigger more EAD response than transient
cycles. On the other hand, accumulation modes prevail
over nucleation modes (Fig. 2) for Hybrid-CCRTs at UDDS
runs and the baseline vehicle, resulting in lower mass
specific surface concentrations (�1 m2 g�1). Higher fractal
agglomerates emitted by the baseline vehicle may result
in a lower value of A. The effect of nucleation is also
observed for Z-SCRT-UDDS runs, which exhibited slightly
lower (though statistically insignificant) ‘A’ compared to
other SCRTs configurations.

4. Summary and conclusion

This investigation presents some of the first detailed
particle characterization for advanced NOx and PM retro-
fits for heavy-duty diesel vehicles. The test fleet includes a
diesel hybrid electric with a DPF (Hybrid-CCRTs), a
continuously regenerating technology (CRTs), a vana-
dium-based SCR catalyst with a CRTs (V-SCRTs), a
Zeolite-based SCR catalyst with a CRTs (Z-SCRTs), a
DPX, and an EPF. An HDDV vehicle without emission
controls served as the baseline vehicle. The fleet was
tested under three driving cycles: cruise at 50 mph. UDDS
and idle.

Remarkable reductions in PM mass emissions (490%)
were found for the test fleet compared to the baseline
vehicle. However, enhanced nucleation mode particles
were observed for some of the vehicles especially during
cruise cycles. Comparing to cruise cycles, the UDDS cycles
emit higher particle mass in the accumulation mode. Idle
runs are characterized with remarkably low particle
number emission rates, coupled with fairly broad size
distributions. The Hybrid-CCRTs and EPF vehicles were
efficient in controlling both mass and number emissions.

The majority of particles by number evaporated by
heating the aerosol to 150–230 1C, suggesting the nuclea-
tion mode particles are predominantly internally mixed
and consist of semi-volatile compounds. Particles from the
test fleet (except Hybrid-CCRTs) have shown about 100-
fold higher active surface area per unit mass than the
baseline vehicle. Chemical and toxicological analysis of
the volatile and non-volatile fractions of PM emissions
from the test fleet are under way and will be reported in
future publications.
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Prepared with the participation and cooperation of the staff of the US Environmental Protection Agency, 

California Air Resources Board and the South Coast Air Quality Management District.

Final 2006 
San Pedro Bay Ports 

Clean Air Action Plan
Overview



At the Joint Special Meetings of the Los Angeles Board of Harbor 
Commissioners and the Long Beach Board of Harbor Commissioners 
(the “Commissions”) held on Monday, November 20, 2006, at 1:00 
P.M. in the Long Beach City Council Chamber, 333 W. Ocean Blvd., 
Long Beach, California, the two Commissions unanimously adopted 
the San Pedro Bay Ports Clean Air Action Plan (“CAAP” or “Plan”) 
as reflected in the minute record of the proceedings.  At the meeting, 
the Presidents of the Commissions made the following statements, 
findings and proposed amendments which were incorporated into 
the Clean Air Action Plan that was approved by the Commissions:

First, we agree with the demand of many of those who commented 
on the Plan that there must be measurable goals so the public can 
have a yardstick to measure progress.  So, we propose that we commit 
to a goal of reducing particulate emissions in 2008 by at least 15% 
from what it would be without the Plan, ratcheting up each year to at 
least a 45% reduction in 2011.

Second, we think we need to recognize that ultrafine particles are 
probably the most damaging of the fossil-fuel related air pollutants to 
human health.  Accordingly, we propose that the staffs of the two Ports be 
directed to work with the USC Research Group on Ultrafine Particles to 
present the results and suggested next steps to the two Commissions no 
later than July 1, 2007.  In addition, our new Technology Advancement 
Program must include ways to eliminate emissions of ultrafine particles, 
which in reality, in our view, means moving towards carbon-free fuels.  

Third, we should recognize that the recently enacted California 
Global Warming Solutions Act of 2006 (AB32) requires carbon 
emissions be reduced back to 1990 levels by the year 2020.  In light 
of the growth prospects of the two Ports, that means we must switch 
to carbon-free fuels (for example, green electricity) and other carbon-
free technologies in every possible application as soon as possible.  
Toward that end, we propose that our respective staffs include such 
technology in our Technology Advancement Program.  As part of that 
effort, the Ports pledge to contribute, and raise from other interested 
parties, the many millions needed to fund this vital effort.

Also, there is one technical amendment we offer to make clear that 
implementation of the individual Plan measures are subject to additional 
CEQA review, a fact that is beyond dispute and in the interest of all 
parties.  We therefore move that on page 19 of the Overview and page 24 
of the Technical Report the three words after “conducted” be stricken and 
replaced with “subject to CEQA statute, regulations and guidelines”. 

Both the environmental organizations and the business 
communities have expressed a desire for a continuous process for 
participation in the ongoing review and improvement of the Clean 
Air Action Plan in the months and years ahead.  We welcome 
such participation.  We therefore urge ALL groups to provide the 
Ports, within the next 30 days following adoption of the CAAP [by 
December 20, 2006], their ideas for how such public participation 
can best be conducted.  We will promptly approve and implement 
that process within 30 days after receipt and review of their ideas.  

A critical initiative in the Plan is a massive effort to deal with the 
well-recognized problem of heavily polluting trucks driven by under-
paid drivers. These trucks produce 10% of the Port-related diesel 

particulate emissions and fully 25% of the NOx emissions. The Ports 
have identified over 16,000 individual vehicles that make 80% of the 
trips to and from Port terminals, so cleaning up those vehicles would 
eliminate a significant portion of Port-related air pollution.

That will be a hugely expensive effort that will involve replacing 
many trucks and retrofitting others with pollution control devices.  
The Commissioners of both Ports believe that we can tackle the dirty 
truck problem in a manner consistent with the Clean Air Action Plan. 
Accordingly, we direct our respective staffs to work expeditiously to 
bring forward a plan with the following elements for further future 
approval of these boards:  

a. �The Ports undertake a 5-year, focused effort to replace or retrofit 
the entire fleet of over 16,000 trucks that regularly serve our Ports 
with trucks that at least meet the 2007 control standards and that 
are driven by people who at least earn the prevailing wage.

b.� �The Ports establish within their respective districts a program 
that restricts the operation of trucks that do not meet the clean 
standards established in the Plan. Further, that we impose a 
system of fees and transportation charges to raise the necessary 
funds to pay for the cleaner trucks. These fees would be imposed 
on “shippers”, and not on the drivers.

c. �The Ports will invite private enterprise trucking companies to hire 
the drivers on terms that offer the proper incentives and conditions 
to achieve the Clean Air Action Plan goals while resulting in 
adequately paid drivers.

d. �The Ports begin this program with an infusion of cash to the 
Gateway Cities Program that would fund a 500-truck program that 
will demonstrate the applicability of new retrofit technologies. This 
demonstration program will be activated in the 1st quarter of 2007, and 
the full 16,800-truck program will be rolled out shortly thereafter.

e. �The Ports develop requests for proposals that will encourage truck 
fleets of alternatively-fueled vehicles, for example, LNG.

We believe that we can count on the support of our private 
industry and government partners in this effort.

We believe that this program would enable the Ports to achieve 
one of the major goals of the Clean Air Action Plan quickly and with 
minimum economic impact to the people who can least afford to 
absorb extra costs, namely the hard-working truck drivers who move 
so much of the cargo.

That leads to our second point, which is the issue of monetary 
incentives. Many people have commented that the Ports need to pay 
to clean up pollution from Port operations. Both Boards want to 
make it clear that the Ports cannot and will not subsidize the cost of 
cleaner transportation indefinitely.  Those expenses are a legitimate 
cost of doing business, and we believe that our position will ensure 
that companies engaged in goods movement pay their fair share of the 
cost of cleaning up our air and protecting our citizens. Accordingly, 
it is our policy that monetary payments by the Ports for cleaner 
technologies and fuels will be granted to true pioneers in the industry, 
but only for short periods of time.  After that, each entity must bear 
the costs of reducing pollution from its operations.

STATEMENTS OF THE PRESIDENTS OF THE LOS ANGELES 
BOARD OF HARBOR COMMISSIONERS AND THE LONG BEACH 
BOARD OF HARBOR COMMISSIONERS



WHAT'S IN THE CLEAN AIR ACTION PLAN?
Final 2006 San Pedro Bay Ports Clean Air Action Plan Overview
Final 2006 San Pedro Bay Ports Clean Air Action Plan Technical Report
Final 2006 San Pedro Bay Ports Clean Air Action Plan Comments Compendium

For additional information see:
Port of Los Angeles website: www.portoflosangeles.org
Port of Long Beach website: www.polb.com
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FOREWORD
To effectively integrate common goals for air quality 
in the South Coast Air Basin, the Port of Los Angeles 
(POLA) and the Port of Long Beach (POLB) have worked 
together in close coordination with the staff of the South 
Coast Air Quality Management District (SCAQMD), 
the California Air Resources Board (CARB), and 
the United States Environmental Protection Agency 
Region 9 (EPA Region 9) to develop the San Pedro Bay 
Ports Clean Air Action Plan. This Plan is the first of 
its kind in the country, linking the emissions reduction 
efforts and visions of the two largest Ports in the United 
States with similar efforts and goals of the regulatory 
agencies in charge of ensuring compliance with air 
quality standards. The collaborative effort will continue 
in the years to come with the review and update of the 
Clean Air Action Plan on an annual basis.

The air agencies have extensively reviewed and 
commented on the draft Plan, support the collaborative 
process that has been established, and support the 
goals delineated in the Plan. By participating in the 
development and annual review of this Plan, these 
regulatory agencies do not waive or forfeit their rights 
or obligations to continue to regulate emissions sources 
under their control. Participation in this process is 
voluntary by all parties and does not in any way inhibit 
or preclude agencies from any legal authorities and 
responsibilities to meet federal, state, and local air 
quality standards. Participation does not mean that the 
agencies necessarily endorse each of the measures and 
concepts proposed in the Plan.
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INTRODUCTION
This document is the first San Pedro Bay Ports Clean 
Air Action Plan (Clean Air Action Plan). This joint 
Clean Air Action Plan describes the measures that the 
Ports of Los Angeles and Long Beach will take toward 
reducing emissions related to port operations. In March 
2006, a groundbreaking meeting occurred at the highest 
level between the two Ports and the South Coast Air 
Quality Management District (SCAQMD) where 
all parties expressed the need to work jointly toward 
solutions. Shortly thereafter, the Ports engaged the 
California Air Resources Board (CARB) and the United 
States Environmental Protection Agency Region 9 (EPA 
Region 9) in the spirit of cooperation to help the Ports 
develop the Clean Air Action Plan for their respective 
Boards of Harbor Commissioners' approval. It should 
be emphasized that these entities have committed to 
continuing their efforts associated with the development, 
review, implementation, and update/revision of the 
Clean Air Action Plan on an annual basis.

The five-year Action Plan highlights the goals, 
emissions reductions, and budgetary needs for fiscal 
years (FY) 2006/2007 through 2010/2011. By the end 
of the five-year period, virtually all needed measures to 
meet the goals will be in place. Staff from both Ports 
intend to regularly evaluate progress towards meeting 
the Clean Air Action Plan goals, review status of 
existing control measures, evaluate new measures, and 
jointly develop a revised action Plan each year.

THE HISTORY
In the early 1900s, the State conveyed the Port tidelands 
to Los Angeles and Long Beach, as trustees for the people 
of the State of California, to accommodate and promote 
harbor commerce, navigation and fisheries. The Ports 
are landlord ports; they build terminal facilities and 
lease them to shipping lines and stevedoring companies. 
The Ports do not operate the terminals, ships, yard 
equipment, trucks or trains that move the cargo. 
However, the Ports are determined to accelerate the 
effort to reduce air pollution from "goods movement" 
activities using all the powers available to them.

The San Pedro Bay Ports (SPBP) comprise a huge 
regional and national economic engine. The Los Angeles 
Customs District accounts for approximately $300 billion 
in annual trade. More than 40% of all containerized 
trade in the nation flows through the SPBP. Economic 
forecasts suggest that the demand for containerized 
cargo moving through the San Pedro Bay region will 
more than double by the year 2020. 7



PORT-RELATED EMISSIONS
Based on the baseline year emissions inventories for both Ports (2001/2002), the contribution of emissions by the 
five port-related source categories, and their percentage share compared to the South Coast Air Basin (SoCAB), are 
presented in following figures.
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Ocean - Going Vessels
59% (1,136 tons)

Harbor Craft
11% (218 tons)

Cargo Handling Equipment
14% (259 tons)

Heavy Duty Vehicles
10% (188 tons)

Rail Locomotives
6% (111 tons)

Baseline Year DPM Emissions Contributions by Source Category

Ocean - Going Vessels
36% (12,834 tons)

Harbor Craft
13% (4,603 tons)

Cargo Handling Equipment
12% (4,234 tons)

Heavy Duty Vehicles
26% (9,264 tons)

Rail Locomotives
13% (4,533 tons)

Baseline Year NOx Emissions Contributions by Source Category

Ocean-Going Vessels
90% (8,019 tons)

Harbor Craft
6% (520 tons)

Cargo Handling Equipment
1% (55 tons)

Rail Locomotives
2% (133 tons)

Baseline Year SOx Emissions Contributions by Source Category

Heavy Duty Vehicles
1% (120 tons)



The following figures compare the San Pedro Bay Port percentage contributions, with the contributions from all the 
emissions sources in the SoCAB for the baseline year.

The Ports and regulatory agencies acknowledge that if port-related sources are not controlled by the Clean Air 
Action Plan to reduce their "fair share" with respect to the other sources in the SoCAB, port-related contributions to 
the basin's total emissions (particularly with respect to OGVs) will increase significantly beyond the levels presented 
above. Therefore, action must be taken now in order to help the basin meet its air quality goals.
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Total Stationary
and Area–15% Total On-Road–25%

Total Other Mobile–48%

Total San Pedro Bay
Ports Related–12%

Baseline Year SPBP vs. SoCAB DPM Emissions Contributions

Total Stationary
and Area–8% Total On-Road–56%

Total Other Mobile–27%

Total San Pedro Bay
Ports Related–9%

Baseline Year SPBP vs. SoCAB NOx Emissions Contributions

Total Stationary
and Area–41% Total On-Road–7%

Total Other Mobile–7%
Total San Pedro Bay
Ports Related–45%

Baseline Year SPBP vs. SoCAB SOx Emissions Contributions
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Environmental Justice Community Noise Standard  
 

1. Environmental Justice Community Noise Standard 
 

Environment  Day  Night  Night Sleep Time 
 
    7:00am – 5:00pm 5:00pm-7:00am 9:00pm – 7:00am 
 ______________________________________________________________________ 
 

Outdoor   50dBA  40dBA    
 

School Indoor  35dBA  35dBA    
 

Preschool Sleep  30dBA 
Time 

 
Residence Indoor  35dBA  35dBA    

 
Residence Indoor      30dBA 
Sleep Time 

 
Residence Indoor      25dBA 
Low Frequency 

 
1.1 General Ambient Noise Level 

 
Los Angeles Noise Ordinance – Chapter XI Noise Regulation, Article 1 General Provisions Sec. 111.00 Declaration of 
Policy and Sec. 111.03 Minimum Ambient Noise Level Table II Zone A1, A2, RA, RE, RS, RD, RW1, RW2, R1, R2, R3, 
R4, R5 Presumed Ambient Noise Level Day dBA 50 and Night 40dBA and Article 6 General Noise Sec.116.01 Loud, 
Unnecessary and Unusual Noise. 

 
1.2 Community Ambient Noise Protection 

 
World Health Organization – Guidelines for Community Noise, Table 1 & Table 4.1 Guidelines Values for Community 
Noise in Specific Environments – Specific Environment: Inside Bedrooms 30dBA, Preschool Sleep 30dBA and School 
Class Rooms 35dBA. 

 
1.3 Specific Low Frequency Noise Protection 

 
World Health Organization – Guidelines for Community Noise, 4.2.3 Sleep Disturbance Effects states, “For noise with a 
large proportion of low frequency sounds a still lower guideline lower than 30dBA is recommended,” and “Since A-
weighting underestimates the sound pressure level of noise with low frequency components, a better assessment of 
health effects would be to use C-weighting.”    

 
1.4  American Industry Standard 

 
The American National Standards Institute (ANSI) ANSI S12.60-2002 Acoustical Performance Criteria, Design 
Requirements, and Guidelines for Schools, Table 1 pg. 5 for Learning space 35dBA.    
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Environmental Justice Project Community Advisory Committee 
 

 
1.0      Project Community Advisory Committee Purpose 
 

TBD 
 
2.0      PCAC Goals & Objectives 
 

TBD 
 
3.0     PCAC Membership  
 

Community Advisory Committee membership shall consist of 80% local residents, 10% stakeholders and 10% 
representatives from local community organizations.   All residents and stakeholder members must live in 
Wilmington, Long Beach or Carson.   

 
4.0 PCAC Meetings 
 

TBD 
 
5.0   PCAC Website 
 

TBD 
 
6.0     Project Noise Monitoring Program 
 

TBD 
 
7.0     Project Traffic & Equipment Monitoring Plan 
 

Preconstruction, Construction and Post Construction TBD 
 
8.0     Community Noise Survey 
 

8.1  Preconstruction Community Noise Survey 
8.2 During Construction and Post Construction Community Noise Survey TBD. 

 
9.0     Community Noise Complaint Procedure  
 

4.1. Community Information & Complaint Hotline 
4.2. Community Complaint Form 
4.3. Complaint Investigation 
4.4. Problem Corrective Action 
4.5. Complaint Resolution 

 
9.0   Project Noise Monitoring Status Reporting 
 

TBD 
 
10.0 Community Complaints Status Reporting 
 

TBD 
 
11.0 PCAC Termination 
 

TBD. 
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Environmental Justice Community Preconstruction Noise Survey 
 
 

1. The community should have a say in defining the Community Noise Standard? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

2. The community should have a say in determining construction work days and hours? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

3. There should be no construction work on weekends and holidays? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

4. All construction contractors and subcontractor workers should attend a noise class? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

5. The noise standards should provide the maximum public health & welfare protection? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

6. Indoor school classrooms should have a stricter noise standard than day? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

7. Preschool classrooms should have a stricter noise standard than day? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

8. Senior housing & Hospice Facilities should have a stricter noise standard than day? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

9. Hospitals should have a stricter noise standard than day? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

10. Day time residential near Intermodal facilities should have a stricter noise standard? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

11. Night time residential areas should have a stricter noise standard than day? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 
12. Sleep times should have a stricter noise standard than standard night? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
13. A noise monitoring plan should be required as part of the project? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
14. A Community Advisory Committee should be required as part of the project? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 



 
15. Penalties and fines should be established for noise violations? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

16. There should be a public information hotline & complaint line? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

17. Project Noise should be mitigated to eliminate and reduce noise to less than significant? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

18. Port truck traffic volume near residential homes & schools should be limited to prevent increasing noise? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
  

19. Port train traffic volume near residential homes & schools should be limited to prevent increasing noise? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

20. Project sponsors should require and provide incentives to purchase zero emissions and near noiseless trucks? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

21. Project sponsors should require and provide incentives to purchase zero emissions and hear noiseless trains? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 

22. Schools, residential homes and all sensitive receptors locations should be sound proofed to eliminate noise or reduce 
to less than significant? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
23. Environmental and public health mitigation costs should be included in project budget? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
24. Excessive noise disturbs my ability to sleep? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
25. Excessive noise disturbs my mental peacefulness? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
26. Excessive noise disturbs my ability to relax, watch TV and listen to music? 
 

Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
 
27. Excessive noise makes me unable to concentrate and perform my daily activities? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 

 
28. Train & Truck noise is a major problem in my community and has been increasing? 

 
Strongly Agree [  ]  Agree [  ]  Disagree [  ]  Undecided [  ] 
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ANSI S12.60-2002 
 

  
 
 
 
 
 
AMERICAN NATIONAL STANDARD 
ACOUSTICAL PERFORMANCE CRITERIA, DESIGN 
REQUIREMENTS, AND GUIDELINES FOR SCHOOLS 
 
 
 
 
 
 
 
 
Accredited Standards Committee S12, Noise 
 
 
 
 
 
 
 
 
 
 
 

Standards Secretariat 
Acoustical Society of America 

35 Pinelawn Road, Suite 114E 
Melville, NY 11747-3177 
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Environmental Justice Community Fence-Line Monitoring Program 
 
 
1.0 Noise Monitoring Program 
 

Complete detail description TBD.    
 
2.0 Community Advisory Committee Establishment 
 

Community Advisory Committee to be established 90 days before construction begins. 
 

3.0 Environmental Justice Community Noise Standard  
 

3.1 Environmental Justice Community Noise Standard 
 

Environment  Day   Night   Night Sleep Time 
 
    7:00am – 5:00pm  5:00pm-7:00am  9:00pm – 7:00am 
 ______________________________________________________________________ 
 

Outdoor   50dBA   40dBA    
 

School Indoor  35dBA   35dBA    
 

Preschool Sleep  30dBA 
Time 

 
Residence Indoor 35dBA   35dBA    

 
Residence Indoor       30dBA 
Sleep Time 

 
Residence Indoor       25dBA 
Low Frequency 

 

3.2  General Ambient Noise Level 
 

Los Angeles Noise Ordinance – Chapter XI Noise Regulation, Article 1 General Provisions Sec. 
111.00 Declaration of Policy and Sec. 111.03 Minimum Ambient Noise Level Table II Zone A1, A2, 
RA, RE, RS, RD, RW1, RW2, R1, R2, R3, R4, R5 Presumed Ambient Noise Level Day dBA 50 and 
Night 40dBA and Article 6 General Noise Sec.116.01 Loud, Unnecessary and Unusual Noise. 

 

3.3 Community Ambient Noise Protection 
 

World Health Organization – Guidelines for Community Noise, Table 1 & Table 4.1 Guidelines 
Values for Community Noise in Specific Environments – Specific Environment: Inside Bedrooms 
30dBA, Preschool Sleep 30dBA and School Class Rooms 35dBA. 

 

3.4 Specific Low Frequency Noise Protection 
 



World Health Organization – Guidelines for Community Noise, 4.2.3 Sleep Disturbance Effects 
states, “For noise with a large proportion of low frequency sounds a still lower guideline lower than 
30dBA is recommended,” and “Since A-weighting underestimates the sound pressure level of 
noise with low frequency components, a better assessment of health effects would be to use C-
weighting.”    

 

3.5 American Industry Standard 
 

The American National Standards Institute (ANSI) ANSI S12.60-2002 Acoustical Performance 
Criteria, Design Requirements, and Guidelines for Schools, Table 1 pg. 5 for Learning space 
35dBA.    

 

4.0 Technical Approach 
 

Community On-Site Monitoring Technical Approach TBD. 
 
5.0 Real Time Ambient Noise Level Monitoring 
 

5.1 Real Time Ambient Noise Level Monitoring shall as a minimum measure Leq, L10, Ldn, 
Lmax, SEL and CNEL. A-Frequency Weighting and C-Frequency Weighting shall be 
monitored and recorded. 

5.2 All measurements must be continuous and recorded. 
 

6.0 Real Time Noise Sound Recording 
 

6.1 Real time ambient noise shall be recorded to determine source and types of noises. 
6.2 Noise sound recording will be continuous non-stop recording either analog or digital 24hrs. 

per day with digital preferred. 
 

7.0 Noise Sound Level Meter  
 

7.1 The Noise Sound Level Meter shall be a Type I to ANSI S1.4-1998 or most recent revision. 
7.2 A Sound Level Meter with data-logging capability for recording a minimum of 24 hrs. 

continuously recording and 7 days non-stop is preferred. 
7.3 A Sound Level Meter capable of recording ambient noise sound a minimum of 24 hrs. 

continuously and 7 days non-stop is preferred.    
7.4 Sound Level Meters, Data Logging and Sound Recording Equipment and accessories 

must be capable of withstanding outdoor inclement weather. 
 

8.0 Noise Monitoring Locations 
 
  Locations TBD. 
 

9.0 Noise Monitoring 
 
  Protocol TBD 
 

10.0 Noise Monitoring Schedule 
 
  Schedule TBD. 
 

11.0 Frequency of Noise Monitoring 
 



11.1 Measurements shall as a minimum be every 15 minutes for 24hrs. per day or as may be 
determined necessary. 

 
12.0 Equipment Calibration 

 
12.1 Equipment calibration shall be traceable to the National Bureau of Standards and the 

American National Standards Institute (ANSI) S1.4-1998 or most recent revision. 
  12.2 Records shall be maintained and provided upon request. 
 

13.0 Equipment Inspection & Monitoring 
 
  On-Site Equipment Inspection & Monitoring Plan TBD. 
 

14.0 Record Keeping Procedures 
 
  Procedures TBD. 
 

15.0 Noise Monitoring Quality Assurance 
 
  QA Plan TBD. 
 

16.0 Noise Monitoring Reports 
 
  Noise Monitoring Reports will be produced monthly, quarterly and annually. 
 

17.0 Data Analysis & Review 
 
  Format TBD. 
 

18.0 Corrective Action 
 
 CA TBD. 
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 NOISE CONTROL ACT OF 1972  

HISTORY: Public Law 92-574, Oct. 27, 1972; 86 Stat. 1234; 42 USC 4901 et seq.; Amended by PL 94-301, May 31, 
1976; PL 95-609, Nov. 8, 1978; PL 100-418, Aug. 23, 1988  

SEC. 1 [42 U.S.C. 4901 nt], Short Title.  

This Act may be cited as the "Noise Control Act of 1972."  

SEC. 2 [42 U.S.C. 4901]Findings and Policy.  

(a) The Congress finds--  

(1) that inadequately controlled noise presents a growing danger to the health and welfare of the Nation's population, 
particularly in urban areas;  

(2) that the major sources of noise include transportation vehicles and equipment, machinery, appliances, and other 
products in commerce; and  

(3) that, while primary responsibility for control of noise rests with State and local governments, Federal action is 
essential to deal with major noise sources in commerce control of which require national uniformity of treatment.  

(b) The Congress declares that it is the policy of the United States to promote an environment for all Americans free from 
noise that jeopardizes their health or welfare. To that end, it is the purpose of this Act to establish a means for effective 
coordination of Federal research and activities in noise control, to authorize the establishment of Federal noise emission 
standards for products distributed in commerce, and to provide information to the public respecting the noise emission 
and noise reduction characteristics of such products.  
 
SEC. 3 [42 U.S.C. 4902] Definitions.  

For purposes of this Act:  

(1) The term "Administrator" means the Administrator of the Environmental Protection Agency.  
 
(2) The term "person" means an individual, corporation, partnership, or association, and (except as provided in sections 
11(e) and 12(a)) includes any officer, employee, department, agency, or instrumentality of  
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Noise Public Health Impact Studies 
 

 
Abel,K., „Noise Pollution in the Classroom.“ Family Education 
 
Ando,Y., „Effects of daily noise on fetuses and cerebral hemisphere speicialization in children.“Journal of Sound & 

Vibration, Dec.1988 
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33. 
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Long Beach

Los Angeles

Carson

Vicinity Map Cornfields State Park in Los Angeles (former railyard)

REGIONAL PARK Create a regional-scale park to serve the Westside and other surrounding communities.

ENVIRONMENTAL BALANCE Provide a carbon sink to mitigate port related air pollution while reducing urban heat island effect.

LAND-USE SEPARATION Establish a greenbelt that physically separates the residential population from freight infrastructure.

IMPROVE LOCAL CONNECTIVITY Improve local infrastructure serving goods movement and residential community.

Why Here?
LAND OF OPPORTUNITY
Long Beach is one of the densest cities in the nation with few opportunities to create new parks for communities most lacking.  
Because of land-use patterns, West Long Beach has perhaps the best prospects for developing a new park of substantial size.

LIMITED PARK SPACE
West Long Beach is woefully underserved by open space.  There is less than one acre of public parks per 1,000 residents where 
the Eastside of Long Beach has over 16 acres per 1,000 residents including four of the city’s largest parks.

ENVIRONMENTAL JUSTICE
West Long Beach is completely surrounded by the port, refineries, industry and freeway infrastructure impacting resident’s quality 
of life.  In most cases there is little physical separation from the predominantly low-income, minority neighborhood.

Why Now?
NEW CONSTRUCTION
Hundreds of acres of land and dozens of miles of train tracks will be redeveloped as part of three new and modernized rail facilities.  
Instead of moving existing facilities there is a unique opportunity to plan them holistically to benefit everyone.

INFRASTRUCTURE REALIGNMENT  
New infrastructure projects around West Long Beach will result in more efficiency and greater capacity for goods movement from 
the port.  Many of these projects would actually create the opportunity to repurpose redundant infrastructure for public use.

ENVIRONMENTAL MITIGATION
There are currently seven major infrastructure projects proposed in and around West Long Beach. While environmental mitigations 
are proposed for these projects they could achieve more as part of a larger vision for benefiting the community.

Questions?
Contact Brian Ulaszewski    bulaszewski@hotmail.com         323.309.7932

THE YARDS: open space proposal
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THE YARDS open space proposal
CONSOLIDATE PORT-SERVING INFRASTRUCTURE
Shift port support facilities and infrastructure (existing and/or proposed) to the west, adjacent to the Dominguez Channel and the 
Alameda Corridor.  Realign San Pedro Railroad Branch west to more efficiently serve port support facilities.

RECONFIGURE CITY-OWNED TERMINAL ISLAND FREEWAY WITH SAN GABRIEL AVENUE
The City of Long Beach owned portion of the Terminal Island Freeway north of Pacific Coast Highway carries fewer vehicles than 
Fourth Street (one travel lane in either direction, with a left turn lanes).  Replacing the last one-mile length of the freeway with a 
neighborhood scale street can improve local circulation while shifting truck traffic to the Alameda Corridor.

REPURPOSE SOUTHERN CALIFORNIA EDISON RIGHT-OF-WAY
A large portion of the Southern California Edison (SCE) transmission corridor on the Westside is currently vacant of accessory 
uses.  While retaining necessary access and security for electrical transmission facilities, enter into lease our purchase agreement 
for public use of the ground plain.

SHARE LONG BEACH UNIFIED SCHOOL DISTRICT RECREATION FACILITIES
Four Long Beach Unifi ed School District (LBUSD) campuses abut the western edge of city boundaries and port supporting infrastructure.  
Establish reciprocal joint-use agreements for the recreational facilities adjacent to the SCE transmission corridor.

DEVELOP REGIONAL SCALE PARK IN WEST LONG BEACH
Combine vacant parcels, under-utilized right-of-ways to create the second largest park in Long Beach along the western edge of the City.  
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423 Washington Street, 3rd Floor · San Francisco, CA 94111 · Ph: 415/421-4213 · www.ceaconsulting.com 
 

 
 
 
 

Kirk Marckwald 
California Environmental Associates 

kirk@ceaconsulting.com 
415-421-4213 x 12 

 
 

Kirk is the Founder of CEA and has been at the helm as a Principal since 1984. His deep 
experience in energy and environmental regulation provides the foundation for CEA's work 
with a variety of private and public sector clients. Prior to establishing CEA in 1984, Kirk was the 
Under Secretary of California's Natural Resources Agency and served as the Director of the 
Office of Appropriate Technology. He also held various positions at the U.S. Department of the 
Interior. At California's Natural Resources Agency, Kirk was responsible for managing budget 
and policy initiatives of the agency's nine departments. He resolved policy conflicts among 
departments, cabinet officers, legislators, companies, and private citizens. Later, he worked as a 
consultant with the Environmental Defense Fund to help implement programs in energy, water, 
and hazardous materials. 

Kirk has led large-scale regulatory reform and strategic planning projects for major 
manufacturing and transportation companies as well as for trade associations and nonprofits. 
He has represented individual clients and trade associations before legislative and regulatory 
agencies in California and Washington, D.C. In July 1999, Governor Davis appointed Kirk as a 
public member of the California Board of Forestry, where he served as the Vice-Chair of the 
Board until 2007. Kirk currently serves as the Chairman of the Board of the Institute for Local 
Self-Reliance and on the Boards of the Pacific Forest Trust, the Blue Mountain Center and the 
Point Reyes National Seashore Association. 

Kirk has a master's degree in Natural Resources Policy and Management from the University of 
Michigan and a bachelor's degree from Trinity College.  
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ALAMEDA
CORRIDOR FACT
SHEET

projects

Completed Projects
Alameda Corridor

Pacific Coast Highway
Grade Separation

Anaheim Pump Station

Colton Crossing Feasibility
Study

Additional Control Points
Project

CP West Thenard Track
Connection Phase 1

Future Projects
West Thenard Track
Connection Phase 2

SR-47 Expressway

Cerritos Channel Rail
Bridge

Fact Sheet | Time Line | Map | Consolidation Activity Report

Project Description/Overview
The Alameda Corridor is a 20-mile-long rail cargo expressway linking the ports of Long
Beach and Los Angeles to the transcontinental rail network near downtown Los
Angeles. It is a series of bridges, underpasses, overpasses and street improvements
that separate freight trains from street traffic and passenger trains, facilitating a more
efficient transportation network. The project’s centerpiece is the Mid-Corridor Trench,
which carries freight trains in an open trench that is 10 miles long, 33 feet deep and 50
feet wide between State Route 91 in Carson and 25th Street in Los Angeles.
Construction began in April 1997. Operations began in April 2002.

Project Need
International trade accounts for one of every 15 jobs in the Southern California region,
according to the Los Angeles County Economic Development Corporation. The ports of
Long Beach and Los Angeles are the two busiest container ports in the country and,
together, the fifth busiest port complex in the world. The ports handled more than
$200 billion in cargo in 2001. The rail network serving the ports was not sufficient to
accommodate rapidly increasing cargo volumes. The Alameda Corridor consolidated
four low-speed branch rail lines, eliminating conflicts at more than 200 at-grade
crossings, providing a high-speed freight expressway, and minimizing the impact on
communities.

Benefits

More efficient freight rail movements

Reduce traffic congestion by eliminating at-grade crossings

Improvements to Alameda Street

Multiple community beautification projects

Cut train emissions

Slash delays at railroad crossings

Cut noise pollution from trains

Reduce emissions from idling automobiles and trucks

Funding
The $2.4 billion Alameda Corridor was funded through a unique blend of public and
private sources. Revenues from user fees paid by the railroads will be used to retire
debts. Railroads initially paid $15.00 for each loaded 20-foot equivalent unit (TEU)
container; $4.00 for each empty container, and $8 for other types of loaded rail cars
such as tankers and coal carriers. Over a 30-year period, fees will increase between
1.5 percent and 3 percent per year, depending on inflation. Effective January 1, 2009,
fees are $19.31, $4.89 and $9.77 respectively.

Community Programs
Through its contractors and various community partnerships, ACTA administered
several programs designed to provide local residents and businesses with direct
benefits that will long outlive actual construction.

Construction industry-specific job training for 1,281 local residents, including 637

ACTA http://www.acta.org/projects/projects_completed_alameda_factsheet.asp
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placed in union apprenticeships.

30% of all labor hours for Mid-Corridor Trench were performed by local residents
living in adjacent zip codes

Through aggressive outreach and technical assistance, ACTA helped disadvantaged
(primarily small and woman- or minority-owned) businesses compete for and earn
contracts worth more than $285 million, meeting the program goal of 22 percent of
all contracts.

On-the-job training and education credits for more than 420 young adults (ages
18-23), who performed community beautification work through the Conservation
Corps program.

One-on-one technical consulting for 25 local import-export companies and entry-
level, international trade-specific job training for 20 local residents through a joint
program with the World Trade Center Association Los Angeles-Long Beach.

Key Features

North-End Project Area

Massive Redondo Junction flyover separates cargo trains, passenger trains, street
traffic.

Multiple rail and street bridges add capacity, eliminate traffic conflicts.

Improved rail yard connections enhance cargo flow.

Mid-Corridor Trench

Trench stretches 10 miles long, 33 feet deep, 50 feet wide.

Thirty bridges carry street traffic over the trench, reconnect communities.

Alameda Street improvements ease traffic congestion.

South-End Project Area

Henry Ford Avenue Grade Separation, one mile long, adds rail capacity, eliminates
conflicts with street traffic.

Terminal Island Freeway ramp improvements enhance traffic flow.

Multiple higher-capacity rail bridges over water channels speed port access.
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ACTA BOARD APPROVES EXPANDED MISSION AND  

MAKES KEY RECOMMENDATIONS TO REDUCE TRAFFIC CONGESTION 
 
FOR IMMEDIATE RELEASE:                                                         CONTACT: 
December 4, 2003                                                                             John Canalis (562) 435-5551 
                 Maria Melendres (310) 847-4307 
                               
LOS ANGELES COUNTY, CALIF. – Directors of the public agency that built the Alameda Corridor 
agreed to an expanded mission Thursday to develop and support projects that more effectively move 
cargo to points around Southern California, ease truck congestion, improve air quality and make roads 
safer. 
 
The Governing Board of the Alameda Corridor Transportation Authority (ACTA) unanimously adopted 
several recommendations that would improve the flow of cargo from the ports of Los Angeles and Long 
Beach to the rest of the region. While the Alameda Corridor provides an uninterrupted express railway for 
cargo for transcontinental rail lines, an improved regional intermodal network is needed to deliver local 
cargo to the Southland’s major freight distribution centers. 
 
“ACTA’s extensive expertise and experience in identifying and developing innovative projects are 
resources that should be brought to bear on developing goods movement solutions on a regional scale,” 
said ACTA Board Chairman and Long Beach Vice Mayor Frank Colonna. “We have the institutional 
know-how, the government structure and stature to play a major role in solving what is the most vexing 
problem facing our region and our transportation infrastructure today.”  
 
ACTA’s governing board, which includes representatives from the cities and ports of Los Angeles and 
Long Beach, as well as the Metropolitan Transportation Authority, directed the agency to: 
 

• Coordinate with the ports, shippers, wholesalers and retailers to work together on expanding the 
operating hours of the intermodal distribution system 

•  Develop a proposal to optimize existing on-dock rail capacity 
•  Evaluate the viability of a regional shuttle train operation 
•  Support the development of a new near-dock ICTF 
• Continue working with Caltrans to plan the State Route Expressway/Commodore Schuyler Heim 

Bridge project 
• Participate in goods-movement studies with the MTA and other agencies.   

 
The recommendations were made to the ACTA Board by its Ad Hoc Committee on Goods Movement.  
The committee, formed by ACTA in September to evaluate a potential expanded role, is composed of 
Colonna, Los Angeles City Councilwoman and ACTA Board Vice Chair Janice Hahn, Los Angeles Port 
Commissioner Thomas Warren and Long Beach Port Commissioner James C. Hankla.   

 
(MORE) 
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 “We can’t wait any longer to reduce truck congestion in the region, and we must look at all of our 
options,” said Hahn, an early proponent of expanding operational hours at the ports.    
 
This method is currently being successfully implemented at other large international port complexes. 
 
ACTA CEO John T. Doherty said, “These proposed projects could significantly improve the region’s 
goods-movement system while reducing truck congestion on local freeways.” 
 
Existing surplus capacity of on-dock rail facilities, for example, could be utilized more efficiently to 
reduce the number of trucks departing port terminals. 
 
In response to the significant growth of new warehouse distribution centers in the Inland Empire, ACTA 
will evaluate the development of an inter-regional shuttle train system to deliver cargo to these inland 
distribution centers.  A short-haul system would augment Alameda Corridor cargo destined for 
transcontinental shipment. 
 
In addition, ACTA will support efforts to develop a new near-dock facility where containers can be 
loaded onto rail that would transport containers via the Alameda Corridor and eliminate those trucks on 
freeways destined for downtown rail yards. Union Pacific Railroad operates one such facility in the harbor 
area, and the Burlington Northern Santa Fe Railway is considering a site in the Wilmington area. 
 
ACTA will continue to cooperate with Caltrans on planning efforts to improve State Route 47 (SR47). 
Preliminary studies indicate that replacing the Commodore Schuyler Heim Bridge and building an 
elevated connection between the north side of the new bridge and Alameda Street at Pacific Coast 
Highway would reduce truck traffic on the Long Beach (710) and Harbor (110) freeways, as well as 
surface streets.  The proposed project would improve traffic safety and congestion in the Wilmington area 
by eliminating five at-grade rail crossings and three traffic signals on SR47. 
 
Opened in April 2002, the Alameda Corridor consolidated train traffic from four branch rail lines into a 
high-speed freight rail expressway stretching 20 miles between the Ports of Long Beach and Los Angeles 
and the transcontinental rail yards and railroad mainlines near downtown Los Angeles. It eliminated 
conflicts at more than 200 street-level railroad crossings, thereby reducing traffic congestion and air 
pollution. 
 
The project was built on time and on budget by ACTA, a joint powers authority formed by the Cities and 
Ports of Los Angeles and Long Beach. The seven-member Governing Board is comprised of two 
representatives from each Port, one from each City, and one from the MTA. 

 
(END) 
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