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Document prepared by the Environmental Subcommittee/Air Quality Group to be
forwarded to the Board of Harbor Commissioners (BOHC) via PCAC

Subject: Committees Findings Regarding Health Effects of Diesel Exhaust Air Pollution;
with Concern for Port Activity Related Sources

BACKGROUND: Since its inception the Environmental Subcommittee has been
considering the issue of the multiple health effects that have been associated with diesel
exhaust air pollution. Experts hired by the Commitiee, including Professor Avol, Mr.
Howekamp, and experts from ARB and AQMD have frequently provided input. These
experts also found data for the committee’s review from sources they had available. Dr.
John G. Miller, an Environmental Sub-committee member and PCAC member cited and
provided multiple references from the medical, epidemiologic and scientific literature on
this topic. Members of the public have expressed concerns at many committee meetings.

The committee has learned that the Health Risk Assessment Study (HRA) to be
completed by consultants hired by the POLA, as one of the Seven Studies mandated by
the BOHC, is not scheduled to begin until possibly January 2004, depending on when the
(as yet incomplete) Air Emissions Inventory is finished. The completion date for the
HRA is currently estimated to be late 2004/early 2005.

Environmental Sub-committee members have heard extensive input from the public
requesting no further delay in conveying what it has found to date to the BOHC. This
input came both at meetings and in the community. The committee finds no reason for
further delay in revealing its findings to date.

The committee notes that Port-related activities, including those that occur off Port
property but as a result of Port operations, have been identified by the South Coast
AQMD as the largest single unregulated contributor to area-wide air pollution.

Port operations (shipping, loading/unloading, and transport of product) require the use of
significant amounts of fuel. Currently most of the trucking, locomotive, and off-road yard
operations in and supporting the Port use diesel fuel. The combustion of diesel fuel
creates high concentrations of very small particles (numerically, over 90% are less than 1
micron in diameter) and nitrogen oxides. Regional air studies have demonstrated that
Port-related emissions are transported widely in the air across the South Coast Air Basin,
from the harbor area to Riverside/San Bernardino and beyond. These pollutants have
been associated directly (through direct exposure by breathing these pollutants from the
air) and indirectly (through participation in photochemical reactions in the air, and
breathing the products of these reactions, such as ozone) with a number of health effects.



The Sub-committee has learned that some of these health effects occur even when
concentrations of particulates are just one quarter of the Federal limit for outdoer air.

Summary of Health Effects that have been related to Diesel Exhaust Air Pollution as
identified and brought to the committee’s attention:

1. Prenatal and Perinatal effects

AHOO®>

Intrauterine growth retardation

Elevated incidence of low birth weight infants

Increased incidence of spontaneous miscarriage

Increased incidence of respiratory cause of deaths in newborns
Elevated incidence of serious birth defects

Increases in sudden infant death syndrome (SIDS)

2. Childhood effects

gow »

22

Q=

Diminished lung growth in children (with unknown long term effects on
the individual)

Development of asthma in children invelved in active sports
Exacerbations of existing asthma

Elevation of incidence of asthma in children and teenagers. (an ongoing
worldwide phenomenon)

Increases in incidence of bronchitic symptoms

Loss of days from school attendance due to respiratory symptoms
Potentiation (enhancement) of allergic effeets of known allergens such as
ragweed pollen when individual is exposed to diesel particles and the
allergen concomitantly.

3. Adulthood

A.
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Elevated incidence of lung cancer in a linear relationship with progressive
increases in fine particle (Pm 2.5) air pollution (The category Pm 2.5
includes the particles less than 1 micron in size.)

Elevated incidence of myocardial infarctions (heart attacks)

Elevated incidence of mortality from cardiovascular causes (heart attacks
and strokes)

Triggering of myocardial infarctions associated with spikes in Pm 2.5
Elevation of cardiopulmonary deaths in a linear relationship with increases

inPm 2.5
F. Significant elevations in “all cause mottality” associated with increases in

Pm2.5

G.
H.

Increased incidence of bronchitic symptoms
Chronic obstructive pulmonary disease (COPD): increased incidence,

prevalence, and exacerbations of existing disease.

I. Fatal exacerbations of COPD

J. Exacerbations of asthma leading to time off work, emergency room visits
and hospitalizations



K. Approximately 1.5 times elevation in the smoking adjusted incidence of
lung cancer in workers occupationally exposed to diesel exhaust versus the
smoking adjusted relative risk baseline incidence of lung cancer in similar
non-exposed populations.

L. Chronic exposure to particulate pollution shortens lives by one to three
years

M. Higher concentrations of particulate air pollution has been linked to low
heart rate variability, a risk factor for heart attacks. Association is stronger for
people with pre-existing cardiovascular conditions.

N. Mitochondrial damage in cells. (All age groups)

O. Airway inflammatory changes (all age groups)

P. Damage to and death of alveolar and airway macrophages,(all age groups)

This is a brief overview of an extensive and growing body of knowledge. These findings
were developed through many avenues of research including but not limited to:
epidemiologic studies, clinical studies-retrospective and prospective, autopsy studies,
animal studies, cellular biology studies, and Government agency investigations. There
has been worldwide scientific participation in research on the links between diesel
exhaust air pollution and human health.

This body of knowledge is constantly evolving, with many new pieces of information
having been published or brought to light since the inception of Environmental
Committee Subcommittee/Air Quality Group. The committee notes that as this an
evolving body of knowledge, in many areas further studies are needed.

The Committee finds sufficient evidence to warrant immediate aggressive action by
POLA and its tenants to reduce the measurable levels of local and Air Basin wide diesel
exhaust air pollution due to Port related activities,

Richard Havenick
Chairman, Air Quality Group
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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

Keywords:
Unemployment
All-cause mortality
Meta-analysis
Meta-regression
Systematic review
Psychosocial stress
Health behaviors

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
was 7.1%in Canada, 5.3% in Australia, 4.9% in Japan, 9.6% in France, 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 2008—2009 economic crisis,
the United Nations International Labor Organization estimated that
unemployment had reached a historical high in 2006 (United Nations
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
association with health and mortality has expanded significantly (see
Hanisch, 1999 for an early comprehensive review on unemployment
research). Whether unemployment is causally related to mortality

* Corresponding author. Tel.: +1 631 632 7700
E-mail address: david.roelfs@stonybrook.edu (D.]. Roelfs).

0277-9536/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.socscimed.2011.01.005

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;
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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 examined multiple 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 associated with 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, & San Martin, 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 into mortality (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 and mortality. 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 potential moderating 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

Keyword Search

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
search was done in English, we were 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 (n=42) that
reported the association between unemployment and all-cause
mortality. Forty of these publications appeared in peer-reviewed

Hand Search

1,570 publications
identified by
original keyword
search

~12,000 titles

identified in
bibliographies of
coded publications

12,448 titles citing
an eligible
publication

~50,000 titles
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eligible publication

!
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study inclusion
criteria

227 publications
tentatively met
study inclusion

criteria

/ N\

/\

excluded coded

145 82
excluded coded

\

|

\

/

454 publications
tentatively met
study inclusion

criteria

/

\

304
excluded

150
coded

~

Total pool of 262 publications for meta-analyses of
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\

42 publications included in meta-analysis
of unemployment and all-cause mortality

220 publications containing stress
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Fig. 1. Flow diagram.




Table 1
Studies included in the analyses.

Publication Data source Sample size  Years Unemployment  Comparison Average No.of No. of HRs controlling for:
a
measure used group HR HRs Health  Health SES
(any) behaviors  (any)
Ahs and Westerling (2006) Swedish Survey of Living Conditions 44,407 1984—2000 Unemployment Employed 1.28 6 3 0 3
Anson (2004) Census, 1991 (Belgium) 391,299 1991-1996  Not working® Employed 1.88 6 0 0 6
Blakely et al. (2006) Census, 1996 (New Zealand) 2,676,000 1996—1999 Unemployment Employed 1.23 2 0 0 2
Costa and Segnan (1987) Census, 1981 (Italy) 1,117,154 1981—1985 Unemployment Employed 2.61 2 0 0 0
Farmer et al. (1996) Corpus Christi Heart Project (U.S.) 596 1988—1992  Not working Employed 217 3 3 3 0
Gardner and Oswald (2004) British Household Panel Survey 3695 1991-2001 Unemployment Employed 1.00 4 2 2 4
Gerdtham and Johannesson (2003) Swedish Survey of Living Conditions 27,994 1980—1996 Unemployment Employed 7.20 2 1 0 1
Gognalons-Nicolet, Derriennic, Monfort, Office of Geneva Residents (Switzerland) 820 1984—-1996 Unemployment Employed 3.30 2 2 0 2
and Cassou (1999)

Helweg-Larsen, Kjoller, and Thoning (2003) Danish National Cohort Study 6693 1987—1999  Not working Employed 1.42 1 1 1 0
Herring, Bonilla-Carrién, Borland, and Hill (2008) Census, 2000 (Costa Rica) 3,744,486 2000—2005 Unemployment Employed 1.07 2 0 0 2
Hirokawa, Tsutusmi, and Kayaba (2006) Jichi Medical School Cohort Study (Japan) 11,081 1992—-2002  Not working Employed 1.45 18 6 6 6
Iversen et al. (1987) Census, 1970 (Denmark) 2,006,774 1970—1980 Unemployment Employed 1.57 8 0 0 0
Jenkinson, Madeley, Mitchell, and Turner (1993) Anglo-Scandinavian Study of Early 1376 1986—1990 Unemployment Employed 1.84 3 0 0 0

Thrombolysis (U. K.)
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 1990—2001 Unemployment Employed 2.02 4 0 0 2
Lavis (1998) Panel Study of Income Dynamics (U.S.) 5544 1968—1992 Unemployment Employed 2.26 8 0 0 8
Manor, Eisenbach, Peritz, and Friedlander (1999) Israel Longitudinal Mortality Study 72,527 1983—-1992  Not working Employed 1.85 2 0 0 1
Manor, Eisenbach, Israeli, and Friedlander (2000) Israel Longitudinal Mortality Study 79,623 1983—-1992  Not working Employed 1.43 2 0 0 1
Martikainen (1990) Census, 1980 (Finland) 4,779,535 1980—1985 Unemployment Employed 217 2 1 0 1
Martikainen and Valkonen (1996) Census, 1990 (Finland) 2,500,000 1987—1993  Unemployment Employed 2.28 30 0 0 22
Martikainen et al. (2007) Statistics Finland labor market data file 159,736 1994—-2002 Unemployment Employed 1.25 12 0 0 0

1989—-1997

Masudomi, Isse, Uchiyama, and Watanabe (2004) Original data (Japan) 375 1994—-1999 Unemployment Employed 412 2 1 0 0
Morrell, Taylor, Quine, Kerr, and Western (1999) Australian Longitudinal Survey 5997 1984—-1988 Unemployment  General popul. 2.81 5 3 0 3
Morris, Cook, and Shaper (1994) British Regional Heart Study 6191 1978—1990 Unemployment Employed 2.37 3 1 1 1
Moser et al. (1984) OPCS Longitudinal Study (U.K.) 161,699 1971—-1981 Unemployment General popul. 1.27 4 0 0 2
Moser et al. (1986) OPCS Longitudinal Study (U.K.) 161,699 1971-1981 Unemployment  General popul. 1.28 4 0 0 0
Moser et al. (1987) OPCS Longitudinal Study (U.K.) 161,699 1971-1981 Unemployment General popul. 1.26 5 0 0 0
Nylen, Voss, and Floderus (2001) Swedish Twin Registry 20,632 1973—1996 Unemployment Employed 213 16 8 8 0
Orth-Gomer, Johnson, Unden, and Edwards (1986)  Swedish Survey of Living Conditions 17,364 1976—-1981  Not working Employed 1.59 1 1 0 1
Palloni and Arias (2004) National Health Interview Survey (U.S.) 39,014 1986—1997 Unemployment Employed 1.24 2 0 0 2
Pensola and Martikainen (2003) Census, 1990 (Finland) 123,216 1990—-1998 Unemployment Employed 2.31 2 0 0 0
Pensola and Martikainen (2004) Census, 1990 (Finland) 186,408 1990—-1998 Unemployment Employed 2.72 6 0 0 2
Regidor, Calle, Dominguez, and Navarro (2001) ¢ Census, 1996 (Spain) 3,110,121 1996-1998  Not working Employed 2.05 8 0 0 4
Robinson, Lloyd, and Stevens (1998) Original data (U.K.) 2104 1985—1997 Unemployment Employed 248 4 2 0 2
Singh and Siahpush (2001) National Longitudinal Mortality Study (U.S.) 301,183 1979—-1989  Not Working Employed 4.63 6 0 0 3
Sorlie and Rogot (1990) National Longitudinal Mortality Study (US.) 452,192 1979-1983  Unemployment  General popul. 1.10 10 0 0 2
Sorlie, Backlund, and Keller (1995) National Longitudinal Mortality Study (U.S.) 530,507 1979—-1989 Unemployment Employed 1.19 12 0 0 6
Spence (2006) ¢ National Longitudinal Survey of Mature 3258 1967—-2001 Unemployment Employed 1.61 1 1 0 1

Women (U.S.)
Stefansson (1991) Swedish Survey of Living Conditions 47,701 1980—1986 Unemployment Employed 1.77 6 0 0 0
Tsai, Lan, Lee, Huang, and Chou (2004) National health insurance 185,162 2001—-2002 Unemployment Employed 1.96 3 3 0 3

and unemployment

insurance programs (Taiwan)
Voss, Nylen, Floderus, Diderichsen, Swedish Twin Registry 20,632 1973—1996 Unemployment  Employed 1.44 12 4 4 0

and Terry (2004)

Weitoft, Haglund, and Rosen (2000) Census, 1990 (Sweden) 712,479 1990-1995 Unemployment Employed 0.83 2 0 0 0

Abbreviations: HR, hazard ratio; OPCS, Office of Population Censuses and Surveys.
2 Average HRs were obtained by calculating the unweighted average of all mortality risk estimates for a given study after conversion into HRs.
> Denotes a combination of unemployed persons and those not in the labor force.

¢ Original publication in Spanish.
4 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 examined whether
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 235 measures 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) x>
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, I 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, 0—9); 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 from which 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], 1.77—2.43; n =40 risk estimates);
age-adjusted HR, 1.59 (95% CI, 1.42—1.77; n=75); and HR adjusted
for age and additional covariates, 1.63 (95% CI, 1.49—1.79; n = 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
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Table 2
Distribution of mortality risk estimates in the analysis by selected variables.

Variable Distribution®
Publication date
1980—1989 10.2
1990—-1999 383
2000—2008 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)
<40 315
40-49.9 51.5
50—64.9 14.4
>65 2.6
Baseline start year
1960—1969 2.1
1970—1979 35.7
1980—1989 334
1990-2001 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

2 Values are percentages unless indicated otherwise, n =235 hazard ratios.

health factors was not available for analysis. However, comparisons
between the subset of our data where health was directly
controlled (n =45 HRs) or where health-related behaviors were
controlled (n=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
(p=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 (p=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
association was greater for men (HR, 1.78; 95% Cl, 1.56—2.02; n = 54
HRs) than for women (HR, 1.37; 95% CI, 1.17—1.60; n = 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 age may moderate 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, 1.41-2.11;
n=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, 1.59—1.98;
n=70). The association was substantially reduced for those
between the ages of 50 and 65 years who were near the end of their
working careers (HR, 1.25; 95% CI, 1.03—1.52; n = 19). The results of
the meta-regression analysis (Model 3 of Table 5) show a significant
effect for mean age (a 6% decrease for each additional 10 years;
p=0.0165) confirm this finding, with HR magnitude being
approximately equal between the youngest and the middle age
group (p=0.4394) but 26% lower for the oldest age group
(p=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, 1.44—2.06;
n = 30). The elevation of risk of death remained approximately the
same when the follow-up duration averaged 5 to 10 years (HR, 1.76;
95% CI, 1.55—2.00; p < 0.001; n=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, 1.22—1.64; n = 43). However, the meta-regression
results indicate that there was no significant trend associated with
follow-up duration (p = 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, 1.54—1.98; Table 3)
than when the comparison group was the general population (HR,
1.24; 95% CI, 1.01—-1.51). 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%
Cl,1.45—1.76) than when studies included a mixture of unemployed
persons and those who were not in the labor force (HR, 1.73; 95% ClI,
1.46—2.04). 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.
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Table 3
Meta-analyses.?

Data Unadjusted

Adjusted for age only Adjusted for age

and additional covariates®

All available data
Non-estimated death rate only
Non-estimated standard error only

2.08 (1.77, 2.43)
2.04 (1.73, 2.40)
2.08 (1.77, 2.43)

Sex
Women only 1.62 (1.25, 2.09)
Men only 2.38(1.85, 3.08)

Average age (y)
<40 1.84 (1.37, 2.48)

40—-49.9 2.25(1.87,2.71)

50—65 1.64**(0.97, 2.76)
Mean follow-up duration (y)

<5 1.70* (1.15, 2.52)

5.1-10 2.65 (2.15, 3.25)

>10 1.58 (1.22, 2.04)

Comparison group
Employed 2.09 (1.79, 2.45)
General population -

Unemployment measure
Unemployed only
Unemployed or not in labor force

1.75 (1.48, 2.08)
3.76 (2.75, 5.14)

1.59 (1.42, 1.77)
1.48 (130, 1.68)
1.67 (1.48, 1.89)

1.63 (1.49, 1.79)
1.66 (1.48, 1.86)
1.69 (1.54, 1.85)

1.31* (1.10, 1.56)
1.79 (1.56, 2.05)

1.37 (1.17, 1.60)
1.78 (1.56, 2.02)

1.66 (1.39, 1.97)
1.77 (1.51, 2.08)
1.33* (1.02, 1.74)

1.73 (141, 2.11)
1.77 (1.59, 1.98)
1.25** (1.03, 1.52)

1.50 (1.26, 1.80)
1.83 (1.55, 2.15)
1.37* (1.12, 1.67)

1.73 (1.44, 2.06)
1.76 (1.55, 2.00)
1.42 (1.22, 1.64)

1.75 (1.54, 1.98) 1.63 (1.50, 1.78)
1.24** (1.01, 1.51) -

1.58 (1.41, 1.77)
1.62 (1.25, 2.10)

1.60 (1.45, 1.76)
1.73 (1.46, 2.04)

*p<001.
** p < 0.05.
** p>0.05.

2 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 and meaningful mean HR could not be

calculated.
b The number and type of covariates varies between studies.

Sensitivity analysis

The between-groups Cochrane’s Q for the meta-analysis of all
235 HRs was statistically significant (p = 0.0149) and the [ statistic
was quite high (12, 76.2; 95% CI, 22.1-92.8), 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

In all of the remaining sub-group analyses however, Q-tests and >
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 (R?, 0.3702; p < 0.001 for

Tests of heterogeneity and sample size information for the meta-analyses reported in Table 3.

Unadjusted Adjusted for age only Adjusted for age and additional
covariates
n Q-test p-value n Q-test p-value n Q-test p-value

All available data 40 0.001 75 0.892 120 0.999
Non-estimated death rate only 35 0.000 59 0.996 78 0.999
Non-estimated SE only 37 0.000 60 0.950 114 0.999
By sex

Women 13 0.024 30 0.755 36 0.956

Men 13 0.015 44 0.896 54 0.939
By average age (y)

<40 12 0.466 33 0.993 29 0.958

40—-49.9 23 0.000 28 0.254 70 0.999

50—65 5 0.957 10 0.877 19 0.817
By mean follow-up duration (y)

<5 7 0.750 27 0475 30 0917

5.1-10 18 0.000 27 0.395 47 0.993

>10 15 0.529 21 0.993 43 0914
By comparison group

Employed 39 0.000 55 0.770 120 0.999

General population 1 - 20 0.999 0 -
By unemployment measure

Unemployed only 31 0.090 61 0.747 90 0.991

Unemployed or not in labor force 9 0.002 12 0.360 30 0911
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Table 5

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

847

Variable

Multivariate model 1

Multivariate model 2

Parsimonious model”

Death rate estimated? (1, Yes; 0, No)

Standard error estimated? (1, Yes; 0, No)

Proportion of sample that is male (0 to 1)

Mean age of study sample at baseline (reference group, <40)
40—49.9
50—65

Study age (per 10 y)

Years between end of baseline and start of follow-up

Years between end of baseline and end of follow-up

Comparison group (1, general population; 0, employed persons)

Unemployment measure (1, any non-working; 0, unemployed only)

Region (reference group, other developed nations)

United States
Scandinavia

Controlled for sex (1, Yes; 0, No)

Controlled for age (1, Yes; 0, No)

Controlled for socioeconomic status (reference group, no controls)
Controlled for only education or only income (1, Yes; 0, No)
Controlled for two or more SES measures (1, Yes; 0, No)

Controlled for health
Controlled for any health status variable (1, Yes; 0, No)
Controlled for health behaviors specifically (1, Yes; 0, No)

Log of sample size

Newcastle-Ottawa quality rating

1.00 (0.44, 2.80)
0.84 (0.64, 1.08)
1.35* (1.18, 1.54)
0.99 (0.83, 1.18)
0.70** (0.56, 0.87)
1.02 (0.93, 1.13)
1.06** (1.02, 1.10)
0.99 (0.97, 1.01)
0.67** (0.50, 0.88)
1.49* (1.23, 1.79)
1.02 (0.82, 1.28)
1.00 (0.78, 1.27)
0.89 (0.71, 1.11)
0.83*** (0.70, 0.97)
1.48 (0.99, 2.23)
0.87 (0.76, 1.00)

0.84 (0.67, 1.05)

1.01 (0.97, 1.05)
1.05 (0.96, 1.14)

1.00 (0.86, 1.18)
0.83 (0.64, 1.08)
1.35* (1.19, 1.54)
0.99 (0.83, 1.18)
0.70* (0.56, 0.86)
1.02 (0.92, 1.13)
1.05** (1.01, 1.10)
0.99 (0.97, 1.01)
0.66** (0.50, 0.87)
1.51* (1.25, 1.82)
1.03 (0.83, 1.29)
1.01 (0.79, 1.29)
0.87 (0.70, 1.09)
0.84*** (0.72, 0.99)
1.24 (0.87, 1.77)
0.87*** (0.75, 1.00)

0.75*** (0.58, 0.96)
1.00 (0.96, 1.04)
1.05 (0.96, 1.14)
1.25

0.3974

0.0959*

1.37* (121, 1.56)
1.06 (0.92, 1.22)
0.74** (0.61, 0.89)

1.06* (1.03, 1.10)
0.68* (0.55, 0.83)
1.46* (1.27, 1.69)

0.84*** (0.72, 0.97)
1.17 (0.87, 1.58)
0.87*** (0.77, 0.98)

0.76*** (0.60, 0.95)

1.62*
0.3702
0.1017*

Constant 1.11
R? 0.3875
Unexplained heterogeneity variance component 0.0972*
*p<0.001.
*p<0.01.
*** p <0.05.

2 All meta-regressions were calculated by maximum likelihood using a random effects model. N = 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.

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;
p =0.0006), whether the risk estimate was adjusted for age (a 16%
decrease when age was controlled; p =0.0159), and whether the
risk estimate was adjusted for socioeconomic status (a 13%
decrease when SES was well-controlled; p=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 (p =0.7707 and
p =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, and were from studies in which men and women were 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, 1.41-2.11; n, 19), was 1.34 (95% CI,
1.15—1.56; n, 14) when the mean age was 40 to 49.9 years, and was
0.94 (95% CI, 0.80—1.11; 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%
Cl, 1.69—2.26; n, 26), was 1.86 (95% CI, n, 14) when mean age was 40
to 49.9 years, and was 1.17 (95% CI, 1.00—1.36; 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 I 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

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

Gender Mean age HR (95% CI) n Q-test p-value
Women Less than 40 1.73* (141, 2.11) 19 0.937
40—-49.9 1.34* (1.15, 1.56) 14 0.233
50—65 0.94 (0.80, 1.11) 9 0.999
Men Less than 40 1.95* (1.69, 2.26) 26 0.398
40-49.9 1.86* (1.63, 2.12) 14 0.842
50—65 1.17** (1.00, 1.36) 11 0.365
*p<0.001.
**p<0.05.

2 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,
and were from studies with less than a one year gap between the end of baseline and
the beginning of follow-up.
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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

asymmetry after data heterogeneity had been taken into account
(p =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
ofthe study are biased (Egger, Schneider, & Davey-Smith, 1998). Even
when important factors are controlled, differences in the method 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,
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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 (n =45
HRs) and the remaining data (p = 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
(p =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
coping hypothesis provides a better overall explanation as the lack of
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 and mortality would not be uniform across all sub-groups and
studies. Meaningful differences were observed by age group, 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 study confirms that the magnitude of 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
for women is considerably lower than for men in most nations. 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. The data can be used to partially evaluate this first explanation.
The difference between men’s and women'’s labor force participation
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 this we included an interaction term between gender and
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 (p = 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 risks may be that employment status remains more 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 (p=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 the employment status reported at baseline 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 found work 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; p =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
the mean HR for the U.S. (p = 0.7707), Scandinavia (p = 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 the magnitude 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/3—5

7.2 and 6

8.1or7

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. [mp =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. karaseks$.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. ((traumas$ 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 STRESS DISORDERS, POST-TRAUMATIC/or exp OXIDATIVE
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/76—79

81.2o0r9

82. or/10-75

83. or/76—79

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/87—-97

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 = OR/((1 —r)+
(rx OR)) and HR = In(1 —RR x r)/In(1 —r), 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 R = 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 R = 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, Gender Age Original inverse  Corrected inverse
publication variance weight  variance weight
year
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 65+ 3 3
Study Z Men only All ages 12 6
Study Z Women only  All ages 20 10
Study Z Both men & 20—44 16 8
women
Study Z Both men & 45—-65 24 12
women
Study Z Both men & 65+ 16 8
women

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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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.
21 Gardner
2.1.1 Gardner Traffic Study Area

The project site is located south of U.S. Figure 2-1: Gardner Site Vicinity

Highway 56 (US 56) and between 191% Street . g § L

and Waverly Road, as shown in Figure 2-1. & £ 3 z B _
The site is situated southwest of the City of g 52 3 5 3 =15
Gardner in unincorporated Johnson County. —— - 1=3;reﬂn:‘u-_'-s'
The traffic study area was the geographic el
focus for data collection, travel demand . !_ | | 0 2las sbanaB g
forecasting, and traffic operations analysis and | P

is described in Section 2.1.2. This analysis g4 | | 12, 1_;..-'_"-"14 s @
focuses on major roadways and minor 16,47 507

roadways expected to carry project-related 1ot | B N S i 5?%22

traffic. A larger area was considered in - i

developing regional assumptions regarding 1gon — B2 % o1

truck distribution patterns. This larger area
considered the freeway and interstate system
of the entire Kansas City metropolitan area to * Study Intersection. |
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.

Clare

Moonlight
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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 159" Street and Lone Elm Road 1-35 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.

Traffic Technical Report

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 151 Street, I-35 widens to six lanes. 1-35 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 1-35 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.

175" 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, 175™ 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 183" Street, Waverly Road crosses both BNSF railroad tracks at
grade.

Four Corners Road is a paved 2-lane collector (45 mph) extending north from 199"
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.

183" 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, 183" Street is paved
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and provides access to several residential developments. Volumes are shown in
Figure 2-2.

e 191% 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, 191 Street is offset to avoid crossing the
BNSF tracks again. It is also discontinuous on either side of the 1-35/Gardner Road
interchange.

e 199" 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 1-35 once (with a 2-lane overpass). Near US 56, it curves
north to meet Sunflower Road. West of this intersection, 199" Street coincides with
US 56 as a 2-lane east-west paved roadway. Traffic volumes are shown in Figure 2-
2.

e 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.

e 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 Fun(_:t_iongl Access Control
Classification
1-35 Interstate Full Access Control
US 56 State Arterial Route Varies (None to Partial)
Gardner Road Major Collector None
Moonlight Road Minor Collector None
175" Street Major Collector None
Waverly Road Rural Local None
Four Corners Road Major Collector None
183" Street Rural Local None
191% Street Rural Local None
199" 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 1-35
follows:

interchanges are located in the study area and are listed from north to south as

The 1-35/US 56 interchange is approximately 5 miles southwest of the 1-35/151%
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 1-35/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 [-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

Traffic Technical Report

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

between Edgerton to Gardner. _ £ /‘
Mainline Track 2 (south track) s 5 2 -
runs parallel to Track 1, south 3 e 1
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 K /
turns east along the south side e ;’{-o
of 199" Street to a point /
approximately 1 mile east of " &

US 56, where it turns . .
northeast, eventually rejoining g/ ﬁi'\'lg,‘;sdﬂ”gsz
Track 1 near Center Street. / O Grade separation

Figure 2-3: Gardner Area Highway-Rail Crossings
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The traffic study area includes two

grade-separated crossings at Center Table 2-2: At-Grade Highway-Rail Crossings
Street and at US 56 east of New

Century Parkway. A third grade- boT Train — Highway
separated crossing located at South Roadway Cmis'”g \zg:)%'g)e (?o[())g) Milepost  Track
Elm Street is currently closed. My oionRoad 006162X 82 8354 3352 142
Thirteen at-grade Crossings areé | gangsyeet  00170p 41 6 305 2
located in the study area from | poyarRoad 006168N 41 64 35.06 1
Nelson Street to Moonlight Road as | \yayerly Road 1 0061780 41 98 B/HIX 1
shown in Table 2-2. The at-grade |, .. oo 0061720 41 8 B75 2
crossings at Moonlight Road and

Nelson Street include double tracks | 18%°Steet 0061798 41 140 36.49X !
across the roadway. Table 2-2 lists | 183¢Street 006173K 41 150 35.97 2
the thirteen at-grade highway-rail Four Corners Roadl 006180V 41 212 37.46X 1
crossings, their Department of | FourComersRoad2 — 006175Y 41 224 37.59 2
Transportation (DOT)  crossing 191 Street 006181C 4 31 38.01X 1
numbers, daily train volume, Federal 199t Street 1 006176F 41 714 38.83 1
Railroad  Administration  (FRA) | 1490 et 006183R 41 767 300X 2
highway ADT estimate, milepost

(MP) and track counts. Figure 2-3 Nelson Street 006177M 82 1531 39.77X 1&2

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, 183" Street/Cherokee Street (west of Center Street), Madison
Street, Main Street, Moonlight Road, Sycamore Street (Warren Street to Main Street), Warren
Street, and 175" Street. A Kansas Highway Patrol (KHP) weigh station is located on 1-35, north
of 167" 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

[-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 1-35 between Sunflower Road and US 56 during the
five-year analysis period. Approximately 64 percent of these crashes occurred between
the 1-35/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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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 1-35 interchange. Only one fatal crash was reported on US 56 in the traffic study area
during the 5-year period.

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 C;‘;‘ﬁ“ggte S;sz\géie KDO'I'(g(;;i)tiC%?fl) Rate! . ri?cc;eg;te

|-35

1. Sunflower to Gardner 4714 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. elo Warren to Cedar 1.475 12,952 148 0 4.245 5.729 6.788 NO

5. e/o Cedar to 1-35 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.
ICritical Crash Rate = the rate that exceeds the statewide average rate at the confidence level specified.

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 |-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. 1-35 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 1-35 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 1-35 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 1-35. The
third most common crash type was overturned (12 percent). The various categories of

collisions with other vehicles (rear end,
approximately 23 percent of all I-35 crashes on the two segments evaluated.

Traffic Technical Report

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

1-35 US 56
2z 88 3 s & 8 3 =
2= ¢ ks S o = 5 5
5 ° 22§ ° &
= S = = = c
2 = [ D 5] ©
@ 3 S 1S O b5
(O] S ] o
K= > = K}
(5} E g
Stratified by Severity
PDO 8% T16% 7% 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% 3% 1% 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% 3% 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% %
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% 4T% 46% 3% 4% 7% 22%
N'g‘ﬁéﬁf’/:[ 3% % 4% 15%  47% 41%  20% 14%
Animal 31% 2% 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%
FO"OWQ%ST;‘; 3% 0% 2% 2% 10%  13% 4% 3%
Avoidance E‘f;:;’ﬁ % 3% 2% % 1% 2% 1% 1%
8

sideswipe, angle, etc.) accounted for
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Angle and rear-end crashes accounted for over 80 percent of all crashes on the 4-lane
section of US 56 between Gardner and |-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 1-35), 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 Table 2-5: At-Grade Highway-Rail Crossing Crash Summary
the correspondl'ng prediction crash Roadway . DOT , #of Crashes gredrl]c}gotn
rate for the period of 2002 through LOSSIg las i aie
2006 (FRA, 2007). Between 2002 | Moonlight Road 006162X 0 0.0568
and 2006, one crash occurred at an | neison Street 006177M 0 0.0417
at-grade crossing in the traffic study Waverly Road 0061720 1 (2006, fatal 0.0345
area. The fatality crash occurred at averly koa (2006, fatal) :
the Waverly Road crossing in 2006. | 199" Street 006183R 0 0.0175
The FRA prediction values for | 199" street 006176F 0 0.0155
crashes at the locations in the stud
. y Four Corners Rd 006175Y 0 0.0117
area range from a high of 0.0568 at
Moonlight Road to a low of 0.0033 Four Corners Rd 006180V 0 0.0115
at 191 Street. Most of the values | w. Grand Street 006170P 0 0.0099
are below 0.02. Poplar Street 006168N 0 0.0076
183" Street 006179B 0 0.0057
183" Street 006173K 0 0.0058
Waverly Road 006178U 0 0.0050
191* Street 006181C 0 0.0033
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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:

o Detailed daily traffic counts for 1-35 and US 56 including truck classification counts
where available (KDOT)

o Average daily traffic estimates for over 40 other highway sections (KDOT count map)
o Traffic signal timing for signalized intersections (City of Gardner)
e Crash data for the traffic study area (KDOT)

e 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 1-35 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 1-35 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:

Traffic Technical Report

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: 1-35 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 183" 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 1-35 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
AM Peak Hour PM Peak Hour
Study Intersection # and Name graffic Dela Dela
ontrol y LOS y LOS
(sec/veh) (sec/veh)
1 Waverly Rd/ 175" 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 OwWSsC 48.5 (NBL) E 114.3 (NBL) F
7 Cedar Niles/ US 56 Signalized 20.9 C 20.6 C
8 US 56/ 1-35 SB Ramps owsc 24.0 (SBL)? c 44.6 (SBL)? E
9 US 56/ I-35 NB Ramps OWSC 20.4 (NB) C 20.5 (NB) C
10 Moonlight Rd/ Santa Fe TWSC! 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/ 183" St AWSC 6.9 A 6.9 A
13 US 56/ 183" St TWSC 12.6 (WB) B 12.3 (EB) B
14 Waverly Rd/ 183" St TWSC 9.0 (SB) A 8.8 (NB) A
15 Gardner Rd/ 183" 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/ 191% St TWSC 12.4 (EB) B 12.4 (WB) B
18 Four Corners/ 191% St TWSC 8.4 (WB) A 8.5 (WB) A
19 Waverly Rd/ 191* St TWSC 8.8 (NB) A 8.7 (NB) A
20 Gardner Rd/ W 191 St OWSC 12.3 (EB) B 13.3 (EB) B
21 1-35 SB Ramps/ Gardner Rd OWSC 13.5 (WB) B 28 (WB) D
22 1-35 NB Ramps/ Gardner Rd OwWSC 72.3 (EB) F 22.4 (EB) C
23 Gardner Rd/ E 191% St OwWSsC 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 4" St OWSC 12.3 (NB) B 12.7 (NB) B
26 Four Corners Rd/ 199" St owscC 9.1 (SB) A 8.9 (SB) A
27 Gardner Rd/ 199" 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.

! The east and south legs are STOP controlled.

% The southbound right movement is treated as free flow.
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Figure 2-4: Study Area Existing Lane Configuration and Traffic Control
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Figure 2-5: Existing (2008) Peak Hour Turning Movement Volumes
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Existing Freeway Operations

The existing I-35  freeway o _
operational analysis (for both Table 2-7: Existing (2008) Freeway Operational Analyses
mainline and ramp junctions) is AM Peak Hour PM Peak Hour
summarized in Table 2-7. Currently Density | oo Density | o
all freeway segments and ramps in : (pc/mifin) (pc/mi/in)
the traffic study area operate at an
acceptable LOS (i.e., C or better). Sunflower to Gardner 112 B 6.3 A
Only one freeway segment Gardner to US 56 15.2 B 7.9 A
operates at LOS C (US 56 to ]_51St US 56 to 151° Street 25.6 C 14.5 B
Street), while all of the others "fglﬁBSt o US 56 " 5 " c
operate at LOS A or B during both US 56 to Gardner 47 A 16.2 B
peak periods. Similarly, all of the Gardner to Sunflower 4.3 A 12.8 B
ramps at the three interchanges in Ramp Junctions
the traffic study area operate at 1-35 NB
LOS B or better, with the exception Gardner Off 10.6 B 4.7 A
of the US 56 on-ramps to I-35 ngggeéf?“ ig? g gg 2
northbound in the a.m. peak an_d US 56 On 26.5 c 156 B
the US 56 southbound off-ramp In Loop Ramp On 27.9 C 17.8 B
the p.m. peak (which operate at I-35 SB
LOS C). 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
2.1.5  Transit Gardner Entr 5.5 A 14.3 B

Notes: pc/mi/ln — passenger cars per mile per lane, LOS — Level of Service.
Currently, there is no transit service
in the immediate vicinity of the
Gardner site. However, transit Figure 2-6:
service in the Gardner area is Johnson County Transit Route L
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 167th | . Gentuty
downtown Gardner area and Kansas
City, Missouri, with stops at two
park-and-ride lots along 1-35 north of
Gardner. It accesses I-35 via the US
56 interchange. Route L provides 183nd 3 - |
three northbound runs to Kansas v 50
City in the am. peak and three g1 | P
southbound runs from Kansas City in 55" /1
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. |

{ Approx. 1 mi

151st-

158th

New

Edgerton
Sunflower

Dillie

Four Corners
Waverly
Gardner/Center

175th — | | —

199t ———*—

Clare ——--

Moonlight

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 188"
Street just west of Gardner Road. This includes a wide arterial pathway on the east side of
Gardner Road from near 191 Street north to West Grand Street.

Traffic Technical Report 15 May 2009



Proposed Gardner Intermodal Facility

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 191% Street were treated as one generalized
crossing for calculation purposes).

Table 2-8: Gardner Existing Train Crossing Data

Avg. Blocked
Vehicular Traffic Volume (veh/hr) Crossing Time Avg. Delay Per Vehicle (sec)
During Hour (min)
Al Vehicles Delayed Al Delayed
Vehicles by Trains Vehicles 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 1831 St 30 29 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 191stSt 7 5 1 1 8.2 8.2 12 12 86 90
39.4 199t 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 207t 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.

Figure 2-7:

The average delay for all vehicles at each Distance from Emergency Response

crossing during the a.m. or p.m. peak hours
is approximately 12 to 14 sec/veh. The miles
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 _ 3
seconds per delayed vehicle ' : Ji
(approximately one and a half minutes per 2 °
vehicle). These calculations assume w v 1 B GO

uniform train and highway vehicle arrivals. G-z"

2.1.8 Emergency Vehicle Access )
J2

There are currently two primary entities that

provide fire and rescue services in the

vicinity of the Gardner site: Johnson County J3

Fire District (FD) No. 1 and Gardner Public ®

Safety Department. Johnson County FD
No. 1 serves Southwestern Johnson
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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.

Johnson Co. FD No. 1 Station #1 (490 New Century Pkwy — 4 response vehicles) [31]
Johnson Co. FD1 Station #2 (234 East Park Street in Gardner — 3 response vehicles) [12]
Johnson Co. FD1 Station #3 (400 E. 3" Street in Edgerton — 3 response vehicles) [33]
Gardner Plum Creek Figure 2.8

H 1gu -0.
féagrlggtre#ezt _ (g?gggonfé Gardner Area Highway Classifications

vehicles), opened Feb.

prwnpE

08 [62] B/ 151st 5
5. Gardner Department of £ 3 [

Public Safety (400 E. 2 | 2 5
Main Street) [GD] —1 150t = o L

Figure 2-7 shows one, two, three, 167th

and four-mile bands around the

above five stations. The bands | 175th

are based on the local roadway

network and therefore show 183rd

actual travel distances from the

stations to various areas. From

Figure 2-7, it is apparent that the 191st

area around the Gardner site is

within 4 miles of one or more 199th

fire/rescue stations.

!

207th
Emergency vehicle responders N
. . orth
have the potential of being .
. L. 215th Not to Scale
delayed if a train is present at the ——— — - = iy r
mainline crossing. The actual S 2 g g g & '8 e
delay time would depend entirely 5 = § 3 g g- =
on the specific conditions (i.e., O B = = k:
emergency vehicle arrival time L d
relative to the train arrival time as egen Interstat Rural Maior Collect
well as the length and speed of — S.ers.afAt l Rural M_ajor Co"ector
the train). However, the total fincipay Arterial urat Minor C.oflector
Rural Minor Arterial Local Roads

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 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.

! 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.
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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 1-35 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 1-35 - 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 199" Street (east of US 56) are both classified as
Rural Major Collectors. Four Corners Road and 175" 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

Figure 2-9:
Gardner Area Barriers to Local Transportation

Road, 183" Street, and 167" Street - 19st. 2| 2
could be classified as Rural Minor g . 1o € Garane ' f
Collectors. The remaining road- @) 159th | 58 & i

ways would then be classified (at [E Lk
present) as Local Roadways. 167th fNi‘;‘:g:r:‘tL“r

The transportation system barriers f

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

Development

[

Mildate Park and-

current highway system barriers 2 Quarry North-
include 1-35, existing development, _215th .+* | B Not to Scale
railroad lines, New Century o y 5 - T s = Tg ™ 8l
AirCenter, Mildale Park, Gardner 2 2 S g § %’ 2. 5
Municipal Airport, and local creeks 2 @ U% = o 8 £

(&)

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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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
[-35 and the BNSF mainline
to approximately Y2 mile
north of 215" Street as

175th

shown in Figure 2-10. The g o
project site is situated to the =)
southwest of the City of 191st

Edgerton and northeast of
Wellsville in unincorporated
Johnson County and Miami

33
199th -

County. A traffic study area  207th
surrounding the site was
defined and analyzed for 2"
potential traffic impacts. The -
Wellsville North traffic study
area is generally bounded by ¢ .

Kansas Highway 33 (K-33)
to the west, 223" Street to

'L
ta

‘Evenin g,Star
1

% =
%

\

(7]
o

Figure 2-10: Wellsville North Alternative Site Vicinity

Four Comers
- Gardner/Center

Dillie

N\

Edgerton
Sunflower

the south, Gardner Road to the east, and 175" 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
Wellsville North Alternative Vicinity

Existing Transportation Network in the

The Wellsville North traffic study area includes
the roadways in the Gardner study area plus the

additional facilities
presented

classification.

highway

listed below,
in decreasing order of functional
Figure 2-11 contains the existing

ADT volumes in the Wellsville North study area.

Figure 2-12 illustrates the existing

roadway

network geometry and ftraffic controls at the

Wellsville North study
intersections 1, 2, 11, 13, 16, 17, and 26
were presented in Figure 2-4).

area.
29,000 vpd in the study area.
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Figure 2-11: Existing ADTs —Vicinity of Wellsville
North Alternative
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Figure 2-12: Existing Geometry and Traffic Control — Wellsville North
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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 1-35. 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 8" Street in Edgerton) is a two-lane paved collector north of
207™ Street, and a gravel roadway south of 207™ Street. Edgerton Road provides
the secondary north-south connection between US 56 and 207" Street, g|V|n access
to the community on the west side of Edgerton. To the south of 207" Street,
Edgerton Road crosses the BNSF railroad tracks. Edgerton Road carries
approximately 700 vpd within the study area.

207" Street is a two-lane paved local road running east-west through the study area.
An at-grade rail crossing exists on 207" Street between Edgerton Road and Sunflower
Road. This roadway prowdes access to 1-35 for residents in the western part of
Edgerton. Volumes on 207" Street range from 180 to 880 vpd depending on location.
215" Street is an east west two-lane gravel road. There is currently an at-grade rail
crossing on 215" 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 207" Street
and 215" Street. Existing daily volumes are very low, as shown in Figure 2-11.

Co-op Road (East 2" 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.
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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 1-35 Ramps. At
this intersection, the one-lane 1-35 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
AM Peak Hour PM Peak Hour
Traffic Delay Delay

Study Intersection # and Name Control (sec/veh) LOS (sec/veh) LOS
1 175" 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 1-35 SB Ramps/ US 56 OWSC 24.0 (SBL)" c 44.6 (SBL)" E
9 1-35 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
13 183" 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
17 191% 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 4™ St owsc 12.3 (NB) B 12.7 (NB) B
28 1-35 SB Ramps & Sunflower Road OWSC 9.0 (WB) A 9.8 (WB) A
29 |-35 NB Ramps & Sunflower Road OWSC 13.6 (EB) B 9.6 (EB) A
31 199" & Edgerton TWSC 12.6 (SB) B 12.5 (SB) B
32 207" & Sunflower TWSC 9.6 (WB) A 10.2 (WB) B
33 207" & Co-op Road owsc 9.3 (SB) A 9.2 (SB) A
34 207" & Edgerton AWSC 7.6 A 6.9 A
35 207" & Evening Star owsC 8.4 (NB) A 8.5 (NB) A
36 215" & 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.

' 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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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 1-35 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

Table 2-10: Existing (2008) Freeway Operational Analyses
AM Peak Hour PM Peak Hour
Density Density
cmimn) 95 pomim)  “OS
Basic Freeway Segments
I-35 NB
Edgerton to Sunflower 9.4 A 5.7 A
1-35 SB
Sunflower to Edgerton 4.1 A 11.1 A
Ramp Junctions
1-35 NB
Sunflower Off 8.3 A 3.9 A
Sunflower On 12.6 B 7.4 A
1-35 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.

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 7"
Street in Wellsville.  There are
seven at-grade crossings (five of
which include double tracks across
the roadway), from 223" Street to
199" 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.

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

vein Rail Crossings:
2 @ At-grade
7/ O Grade separation
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Table 2-11: Wellsville North Study Area At-Grade
Highway-Rail Crossings
Train Highway
Roadway DOT Crossing#  Volume ADT Milepost ~ Track
(2005) (2005)
1990 St 1 006176F 41 714 38.83 1
199t St 2 006183R 41 767 39.04X 2
Nelson St 006177M 82 1531 39.77X 1&2
207" Street 006184X 82 936 40.70 1&2
Edgerton Rd 006185E 82 127 41.20 1&2
215" Street 006187T 82 27 42.03 1&2
2231 Street 006190B 82 72 43.39 1&2
Source: FRA, 2005.
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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 223" Street crossing involved an injury while the other 207"
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 207" Street to
a low of 0.0054 at 215" Street.

Table 2-12: Wellsville North At-Grade Highway-Rail Crossing
Crash Summary

Roadway Crozgi-rl;g # # of Crashes g::;i]cggpe
207" Street 006184X 2 (2003 PDO, 2007 PDO)* 0.3492
Edgerton Road 006185E 0 0.2321
215" Street 006187T 0 0.0054
223" Street 006190B 1 (2004 Injury) 0.0194

Notes:
! PDO means Property Damage Only.

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 Avg
(vehthr) Blockéd Avg. Delay Per Vehicle (sec)
Al Vehicles Crossing Delayed
Vehicles Delayed by Time During All Vehicles
Trains Hour (min) Vehicles Only
AM PM AM PM AM PM AM PM AM PM
Mile
42,03 2151 1 3 0 0 8.2 8.2 12 12 85 87
4339 223 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
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Figure 2-15:
Distance from Emergency Response

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.
3" Street in Edgerton) [33]

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 Figure 2-16:

(excluding flashing light and gate Wellsville North Area Highway Classifications

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 207
tracks at-grade to reach the

areas east of the tracks.

199th

215th

2.2.8 Circulation System =
223t s
The area around the Wellsville
North Alternative project site has 2
many similarities to the Gardner 231 ..

project site vicinity in terms of

highway form, connectivity, and - o < g

barriers.  The Wellsville North k. % 2 |
Alternative project site is located 3 5 g o© a A
within a rural grid system with 8 E Not to Scale
approximately 1-mile spacing

between roadways. In the | Legend

vicinity of Edgerton, there is an EEm Interstate —— Rural Major Collector
older, denser highway grid near ===  Principal Arterial Rural Minor Collector

the center of town as well as Rural Minor Arterial  —— Local Roads

more recent curvilinear
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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, 231* Street, and a few others serve as rural major collector
roadways. Other roadways, such as Edgerton Road between 207" and Nelson Street and 207"
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 1-35, 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 hear-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 1-35
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:

e |-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 1-35 southbound ramps north to 191 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.

e 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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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:

e Intersection #6 (US 56/0ld 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.

e Intersection #8 (US 56/1-35 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.

e 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.

e Intersection #15 (183" Street/Gardner Road): The westbound left-turn movement at
this intersection is projected to operate at LOS E in the a.m. peak period.

Table 3-1: 2010 Gardner No Action Alternative Intersection Analysis
Improved No Action
No Action Analysis Analysis
AM Peak PM Peak
AM Peak Hour PM Peak Hour Hour Hour
Traffic Delay
Location Control (sec/veh) LOS Delay LOS Delay LOS Delay LOS
1 175" St/ Waverly Rd TWSC 24.3 (SB) c 14.2 (SB) B
2 US 56/ Gardner Rd Signalized 175 B 17.3 B
3 US 56/ EIm 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
1 127.7
6 Uss6/0Id US 56 OWSC™  g16mBL) F (NBL) F 94 A 64 A
7 US 56/ Cedar Niles Signalized 22.8 C 24.1 C 164> B* 1870 B®
8 1-35 SB Ramps/ US 56 OWSc' 257(SBL) D®* 51.4(SBL) F? 12.8 B 9.7 A
9 1-35 NB Ramps/ US 56 owsc? 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
12 183" St/ Four Corners Rd AWSC 7.0 A 6.9 A
13 183" St/ US 56 TWSC 13.1 (EB) B 13.3 (WB) B
14 183" St/ Waverly Rd TWSC 9.1 (SB) A 8.9 (NB) A
15 183" St/ Gardner Rd TWsSC' 480(WBL) E 285(WBL) D 6.9 A 5.6 A
16 US 56/ Four Corners Rd TWSC 12.4 (NB) B 12.6 (NB) B
17 191° St/ US 56 TWSC 12.7 (EB) B 135(WB) B
18 191 St/ Four Corners Rd TWSC 8.6 (WB) A 8.6 (WB) A
19 191" St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A
20 Gardner Rd/ 188" St Signalized 3.4 A 4.3 A
21 |-35 SB Ramps/Gardner Rd  Signalized 6.0 A 18.3 B
22 1-35 NB Ramps/Gardner Rd  Signalized 8.0 A 5.1 A
23 Gardner Rd/ E 191% St OWSC  10.1(WB) B 9.3 (WB) A
24 US 56/ Sunflower Rd TWSC 152(NW) C  155(NW) C
25 US56/E 4" St OWSC 12.5 (NB) B 15.4 (NB) C
26 199" St/ Four Corners Rd OWSC 9.2 (SB) A 8.9 (SB) A
27 199" 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.

! Unsignalized in 2010 No Action, Signalized in Improved 2010 No Action.

iThe southbound right movement is assumed to be free flow.
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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 sighals 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).

Table 3-2: 2010 Gardner No Action Freeway/Ramp Operational Analysis

AM Peak Hour PM Peak Hour
Density Density
Location Lanes (pc/mi/in) LOS (pc/mi/in) 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 151 Street 2 27.4 D 15.4 B
I-35 SB
151% 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 115 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
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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.

Table 3-3: 2010 Proposed Action Trip Generation
AM Peak Hour PM Peak Hour
Daily in out tolta in out tolt a
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.

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 183" 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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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).

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
Traffic
Contro Delay

Location | (sec/veh) LOS Delay LOS Delay LOS Delay LOS
1 175 St/ Waverly Rd TWSC 244(SB) C 142(SB) B 250(SB) D 142(SB) B
2 US 56/ Gardner Rd Sig 175 B 17.3 B 21.0 C 175 B
3 US 56/ Elm St Sig 48 A 5.7 A 55 A 5.7 A
4 US 56/ Mulberry St Sig 5.7 A 40 A 6.0 A 41 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 195 B 19.8 B 154 B 20.4 C
8 1-35 SB Ramps/ US 56 Sig 12.8 B 9.7 A 13.7 B 20.2 C
9 1-35 NB Ramps/ US 56 Sig 9.6 A 7.0 A 133 B 6.3 A
10  Moonlight Rd/ Santa Fe Sig 8.0 A 74 A 7.9 A 7.5 A
11 US 56/ Waverly Rd TWSC 147(NB) B 128(NB) B 139(NB) B 131(SB) B
12 183 St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A
13 1831 St/ US 56 TWSC 128(WB) B 133(WB) B 118(EB) B 11.2(EB) B
14 1831 St/ Waverly Rd TWSC 91(SB) A 89(NB) A 87(WB) A 85(WB) A
15 1834 St/ Gardner Rd Sig 6.9 A 5.6 A 7.0 A 5.6 A
16  US 56/ Four Comners TWSC 124(NB) B 126(NB) B 89(SB) A 103(SB) B
17 191 S/ US 56 TWSC 127(EB) B 135(WB) B 112(EB) B 115(EB) B

18  191st St/ Four Corners TWSC 8.6 (WB) A 8.6(WB) A

19  191st St/ Waverly Rd TWSC 90(NB) A 89(NB) A 104(SB) B 10.1(SB) B
20  Gardner Rd/ 188" St Sig 3.6 A 4.3 A 8.1 A 6.2 A
21  |-35 SB/ Gardner Rd Sig 6.0 A 135 B 9.5 A 15.0 B
22 |-35NB/ Gardner Rd Sig 9.3 A 5.2 A 21.0 C 6.8 A
23 GardnerRd/E191St OWSC 10.1(WB) B  93(WB) A 10.1(WB) B 93(WB) A
24 US 56/ Sunflower Rd TWSC 152(NW) C 155(NW) C 155(NW) C 159(NW) C
25 US 56/ E 4t St OWSC 125(NB) B 154(NB) C 125(NB) B 154(NB) C
26 199" St/ Four Corners OWSC 9.2(SB) A 89(SB) A 92(SB) A 91(SB) A
27 199" St/ Gardner Rd AWSC 9.3 A 8.9 A 9.3 A 8.9 A
80 IMF (Truck Entr) 104(SB) B 105(SB) B
82  IMF (Gen Staff Entr) 92(EB) A 87(EB) A
84 IMF (Admin Entr) 93(SB) A 95(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 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

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

AM Peak Hour PM Peak Hour
Density Density
Location Lanes pc/mi/ln LOS pc/mi/ln LOS
Basic Freeway Segments
1-35 NB
Sunflower to Gardner 2 121 B 6.8 A
Gardner to US 56 2 17.3 B 9.1 A
US 56 to 151 Street 2 29.3 D 16.2 B
1-35 SB
151* 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

1-35 NB
Gardner Road Off N/A 11.6 B 5.2 A
Gardner Road On N/A 195 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 195 B
US 56 WB on N/A 29.9 D 17.6 B
1-35 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.

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 1-35 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 1-35 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 1-35, 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 175" 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 1-35 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.
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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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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.

Table 3-6: 2015 Gardner No Action Study Intersection Analysis

No Action Analysis
AM Peak Hour PM Peak Hour

Traffic Delay Delay

Location Control (sec/veh) LOS (sec/lveh) LOS

1 175" St/ Waverly Rd AWSC 15.1 ct 12.3 B*
2 US 56/ Gardner Rd Signalized 32.1 C 28.1 C
3 US 56/ EIm 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 211 C
6 US56/0Id US 56 Signalized 10.8 B 6.7 A
7 US 56/ Cedar Niles Signalized 17.4 B 22.7 C
8 1-35 SB Ramps/ US 56 Signalized 29.8 C 17.0 B
9 1-35 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
12 183" St/ Four Corners Rd AWSC 7.1 (NB) A 7.2 (NB) A
13 183" St/ US 56 TWSC 14.2 (EB) B 145(WB) B
14 183" St/ Waverly Rd TWSC 9.2 (SB) A 9.0 (NB) A
15 183" St/ Gardner Rd Signalized 191 B 15.0 B
16  US 56/ Four Corners Rd TWSC 13.3 (NB) B 138(NB) B
17  191% St/ US 56 TWSC 13.7 (EB) B 145(WB) B
18  191% St/ Four Corners Rd TWSC 8.6 (WB) A 8.6 (WB) A
19 191 St/ Waverly Rd TWSC 9.0 (NB) A 8.9 (NB) A
20 Gardner Rd/ 188" St Signalized 3.7 A 4.0 A
21 |1-35 SB Ramps/ Gardner Rd Signalized 5.4 A 12.7 B
22 |-35 NB Ramps/ Gardner Rd Signalized 15.4 B 6.9 A
23  Gardner Rd/ E 191% 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 US56/E 4" St OWSC 14.6 (NB) B 190NNB) C
26 199" St/ Four Corners Rd owscC 9.3 (SB) A 9.0 (SB) A
27 199" 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.

! 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 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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Table 3-7: 2015 Gardner No Action Freeway/Ramp Operational Analysis
AM Peak Hour PM Peak Hour
Density Density
Location Lanes (pc/mi/in) LOS (pc/mi/ln) LOS
Basic Freeway Segments
1-35 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 151% Street 2 345 D 17.7 B
1-35 SB
151* 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
1-35 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
1-35 SB
US 56 Off N/A 14.1 B 325 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

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, Table 3-8: 2015 Gardner IMF Operations Trip Generation
including 335 during the a.m.

peak hour and 222 during the AM Peak Hour PM Peak Hour
p.m. peak hour.  Table 3-8 Daily in  out total in out total
summarizes  the 2015 ' trip Trucks 1,776 39 58 97 68 54 122
generation assumptions.

Additional information on the | Bobtails 1,270 28 4270 49 38 87
daily and peak hour trip | Non-Trucks 430 84 84 168 5 8 13
generation is  provided in | Total 3476 151 184 335 122 100 222
Appendix A. Note: Bobtails are not typically measured at existing IMFs. A conservative

estimate was calculated to capture potential bobtail traffic. Actual bobtail trips
The 2015 Gardner IME are likely to be_ less thqn what has been projected as trips will be generated by
Operations ADT and peak-hour lifts and container staging.
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.
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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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2015 Gardner IMF Operations Intersection Analysis

The intersection operational analysis is summarized in Table 3-9. One intersection (Intersection
#22, 1-35 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.

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
Traffic Delay

Location Control (sec/veh) LOS Delay LOS Delay LOS Delay LOS
1 175 St/ Waverly Rd AWSC 15.1 C 12.3 B 155 C 124 B
2 US 56/ Gardner Rd Sig 24.9 C 27.1 C 26.1 C 27.8 C
3 US56/EIm St Sig 45 A 38 A 4.7 A 3.9 A
4 US 56/ Mulberry St Sig 5.4 A 38 A 5.7 A 37 A
5 US 56/ Moonlight Rd Sig 27.6 C 24.8 C 28.4 C 22.7 C
6 US 56/ 0ld US 56 Sig 9.9 A 9.2 A 111 B 9.5 A
7 US 56/ Cedar Niles Sig 19 B 215 C 15.7 B 21.4 C
8  1-35 SB Ramps/ US 56 Sig 135 B 16.7 B 16.4 B 34.8 C
9  1-35 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 161(NB) C 130(SB) B 162(NB) C 138(SB) B
12 183 St/ Four Corners AWSC 7.0 A 6.9 A 7.0 A 6.9 A
13 1831 St/ US 56 TWSCt 142(EB) B 145(WB) B 127(EB) B 128(EB) B
14 183t St/ Waverly Rd TWSC! 9.2 (SB) A 90(NB) A B89(WB) A B85WB) A
15 183rd St/ Gardner Rd Sig 19.1 B 15 B 13.2 B 8.8 A
16 US 56/ Four Comers TWSC! 133(NB) B 138(NB) B 9.0(SB) A 10.7(SB) B
17 191s St/ US 56 TWSCt 137(EB) B 145(WB) B 119(EB) B 122(EB) B
18 191st St/ Four Corners TWSC 8.6 (WB) A 86(WB) A - - - -
19 191s St/ Waverly Rd TWSC 9.0 (NB) A 89(NB) A 108(SB) B 103(SB) B
20 Gardner Rd/ 188 St Sig 3.7 A 4 A 11.3 B 5.7 A
21 1-35 SB/ Gardner Rd Sig 54 A 12.7 B 12 B 13.6 B
22 1-35NB/ Gardner Rd Sig 15.4 B 6.9 A 535 D 9.3 A
23 Gardner Rd/E191St  OWSC 104(WB) B 95(WB) A 104(WB) B 95(WB) A
24 US 56/ Sunflower Rd TWSC 172(NW) C 189(NW) C 182(NW) C 200(NW) C
25 US 56/ E 4 St OWSC 146(NB) B 190(NB) C 147(NB) B 193(NB) C
26 199" St/ Four Corners owsC 9.3 (SB) A 90(SB) A 94(SB) A 93(SB) A
27 199" St/ Gardner Rd AWSC 9.9 A 9.4 A 10.1 B 9.5 A
80  IMF (Truck Entr) OWSC - - - - 106(SB) B 10.8(SB) B
82 IMF (Gen Staff Entr) OWSC - - - —~ 92(EB) A B87(EB) A
84 IMF (Admin Entr) OWSC - - - - 97(SB) A 94(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 . ) h h
In the Proposed Action scenario these intersections become OWSC due to road closures.

Traffic Technical Report 43 May 2009



Proposed Gardner Intermodal Facility

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

Analysis
AM Peak Hour PM Peak Hour
Density Density
Location Lanes pc/mi/ln LOS pc/mi/ln LOS
Basic Freeway Segments
1-35 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 151 Street 2 37.3 E 18.8 C
1-35 SB
151% 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 115 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
1-35 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.

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:

e 1-35 Northbound, US 56 to 151% 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 1-35 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
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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 199" Street and
Waverly Road and Waverly Road would be extended south to 199" 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 1-35. 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 199" Street are projected to increase.
Some specific highlights in comparing existing and 2030 ADTs:

e 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.

e Daily volumes on US 56 between Gardner Road/Center Street and [-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.

e 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.

e 199" 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 humber 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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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.

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
Traffic Delay
Location Control (sec/veh) LOS Delay LOS Delay LOS Delay LOS
1 175" St/ Waverly Rd Sig 19.0 B 154 B 19.0 B 154 B
2 US 56/ Gardner Rd Sig 29.2 C 275 C 29.1 C 27.2 C
3 US56/Elm St Sig 6.7 A 8.2 A 6.7 A 8.2 A
4 US 56/ Mulberry St Sig 5.6 A 44 A 5.6 A 44 A
5 US 56/ Moonlight Rd Sig 105.1 F 111 F 105.9 F 1114 F
6 US56/0ld US 56 Sig 139 B 91.7 F 137 B 24.9 C
7 US 56/ Cedar Niles Sig 36.8 D 60 E 36.7 D 60.4 E
8 1-35 SB Ramps/ US 56 Sig 119.7 F 184.6 F 119.3 F 184.3 F
9 1-35 NB Ramps/ US 56 Sig 20.8 C 124 B 21 C 125 B
10 Moonlight Rd/ Santa Fe Sig 222 C 20.9 C 221 C 19.3 B
11 US 56/ Waverly Rd Sig 25.8 C 34.1 C 25.8 C 34.0 C
12 1831 St/ Four Corners AWSC 8.4 A 8.6 A 8.4 A 8.6 A
13 1831 St/ US 56 TWSC 124(WB) B 134(EB) B  124(WB) B  134(EB) B
14 1831 St/ Waverly Rd TWSC  120(NB) B  13.0(SB) B 120(NB) B  13.0(SB) B
15 1831 St/ Gardner Rd Sig 27.8 C 255 C 24.6 C 18.9 B
16 US 56/ Four Comners TWSC 158(SB) C 182(NB) C  158(SB) C 182(NB) C
17 1915t St/ US 56 TWSC 11.0(EB) B 114(EB) B  11.0(EB) B 114(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 191s St/ Waverly Rd TWSC 100(SB) A 108(SB) B  100(SB) A  10.8(SB) B
20 Gardner Rd/ 188t St Sig 24.4 C 36.1 D 24.3 C 37.6 D
21 |-35SB/ Gardner Rd Sig 118.9 F 2475 F 131 B 24.3 C
22 1-35NB/ Gardner Rd Sig 483.4 F 3735 F 39.9 D 211 C
23 Gardner Rd/ E 1915 St Sigt  93.7(WB) F 1918(WB) F 6.3 A 95 A
24 US 56/ Sunflower Rd Sig 18.6 B 20.8 C 19.0 B 19.3 B
25 US 56/ E 4t St Sig 11.0 B 11.9 B 10.9 B 11.7 B
26 199 St/ Four Corners OWSC  20.0(SB) C 20.8(SB) C 20.0 (SB) C 20.8(SB) C
27 199" St/ Gardner Rd Sig 26.0 C 21.6 C 27.0 C 217 C
37 199 St/Waverly Rd OWSC 169(SB) C 211(SB) C  169(SB) C  21.1(SB) C
38 199" St/I-35 SB Sig 14.6 B 20.3 C 16.5 B 211 C
39 199% St/I-35 NB Sig 13.0 B 8.3 A 14.0 B 77 A
40 1991 St'Waverly Rd OWSC 106(NB) B 11I1NB) B  106(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.

* Unimproved condition is unsignalized.

Traffic Technical Report

Intersections #5 through #8 (US 56 from Moonlight Road to 1-35 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 1-35 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 1-35.

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

e Intersection #6 (US 56/0Old US 56): The improvements include signalization and
widening of the Old US 56 approach to provide a second left-turn lane.

e 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.

e Intersection #22 (1-35 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.

e Intersection #23 (Gardner Road/191% 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 1-35 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 151 Street) is projected to operate below the acceptable LOS
threshold under 2030 No Action conditions:

e 1-35 mainline, US 56 to 151% 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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this portion of |1-35 may be required to accommodate long-term traffic volumes;
however, no additional capacity has been planned in the LRTP.

Table 3-12: 2030 Gardner No Action Freeway Operational Analyses

AM Peak Hour PM Peak Hour
DR LO Density

Location Lanes  (pc/mil/ln S (pc/mifin) LOS
Basic Freeway Segments
1-35 NB
Sunflower to Waverly 2 245 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 151 Street 3 35.3 E 23.5 C
1-35 SB
151% St to US 56 3 19.2 C 333 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

1-35 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

1-35 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.

3.2.4 2030 Gardner IMF Operations

2030 Gardner IMFE Operations Forecasts

.The 2030 trip g_eneratlo_n approach for the Table 3-13: 2030 Gardner IMF Operations Trip
intermodal facility was identical to that of Generation

the 2015 scenario, only with a higher

annual lift count (870,000 in 2030 as AM Peak Hour PM Peak Hour
compared to 495,000 in 2015) resulting in Daily i out @ n ou @
more trips — a total of nearly 6,045 vpd, ! |
including 563 during the a.m. peak hour | Trucks 3121 68 103 171 120 94 214
and 388 during the p.m. peak hour. Table | gobtails 2233 49 73 122 86 67 153
3-13 summarizes the 2030 trip generation | non-

assumptions. The IMF trip distribution and | Trucks 691 135 1% 210 [
assignment process employed the OTM | Total 6,045 252 311 563 213 175 388

and combined .the_ results of surveys and "Note: Bobtails are not typically measured at existing IMFs. A
other data to distribute truck traffic for the conservative estimate was calculated to capture potential bobtail

analysis. Additional information on the traffic. Actual bobtail trips are likely to be less than what has
daily and peak hour trip generation and been projected as trips will be generated by lifts and container

taging.
distribution is provided in Appendix A. saging
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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

Legend i1

£
3
8 .n:;se
8
g5
E
4
L 3
i
3%‘
iy
0k 4
LW
&
e &
N
,‘3‘-\@\
Sok
ﬁ\a‘ t
9, A
7 z%\.t,, i )
Y
) @‘:9’ (54 —Us% el
AN Hi
o ?
 F-1 3
25450}
A
s 2§
ey 33
EE
Pigad i o Ppeed o e e o G

w10 (030}
00 (ano)

2 LH] L1 [H 5
] i '
£E8 vaunw 2 e
829 —imE0) S22 w01 P
FiR oA iR espe) s
)
sfe %
(14340 ;é‘f (150187 ;é}j 4%
BB 5 |J'Jg;|.;£‘- 593 @1\3 2%
- 58S \ 3 K. g
(B8 EEE ren) L] \\’.p\ %
£
%
811 52 va
L]
2
\Qi\e /f éé
% / £
/ 23
o S/ s
oY for's 3 Shest 1
A ——0 : "
& 7 ——
ol 3
/ / ol »
& e
7 -2 S8 ooy
i iy 353
/ < 3
i AR 3 als
/ £ 3 2| ! fas
/ 5« ‘;
/ H P
/ i :
/ £ 3 H
Wastet o/ P H
N aase— oy J - " -
L L ]
i
s H
T 4 ]
/ & =i
E T BT S e
g / i1 £ pam z
|/ 1w i
1906 Siest | |
= —
"
L] 7 T o W
8
£2 vy
3 )
Fae ]
(s
350 2

() Dby

(0P} 01 Lo

008 b0y

#

]
Iz
52 =01
F % s

3

[T ars

fr 7Y

k] i
SI0J5T0)
~TR{19%) =510 1620
(1530 1030 (1530 1220
(1530 1630y,

(DoLhoLLr
(OE) 00y,

(oEE) noes
(O L) Ol
Teriee) by,

&

5601150
]

170 ano)
-] 1220)

S

(ohoL?
(06 £ boEa—

Frorogren)
T

—a00 (o)

TS

(OoB)OET—
(ODEIOS I

)

{140

B

—E40 (830
F106i60)
®

(0L2) paa—
{0z 0Ey

HR

ENSF
—TTHAY

Traffic Technical Report

53

May 2009



Proposed Gardner Intermodal Facility

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:

e 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.

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 Delay LOS Delay LOS Delay LOS Delay LOS
Control (sec/veh)
1 175h 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 271.2 C 31.0 C 318 C
3 US56/EIm St Sig 6.7 A 8.2 A 6.9 A 8.2 A
4 US 56/ Mulberry St Sig 56 A 44 A 56 A 46 A
5  US 56/ Moonlight Rd Sig 105.9 F 1114 F 107.8 F 1214 F
6 US56/0Id US 56 Sig 13.7 B 249 C 14.6 B 28.3 C
7 US 56/ Cedar Niles Sig 36.7 D 60.4 E 31.7 D 60.9 E
8  1-35SB Ramps/ US 56 Sig 119.3 F 184.3 F 116 F 185.4 F
9  1-35NB Ramps/ US 56 Sig 21.0 C 12.5 B 204 C 12.7 B
10 Moonlight Rd/ Santa Fe  Sig 221 C 19.3 B 227 C 19.9 B
11 US 56/ Waverly Rd Sig 25.8 C 34 Cc 275 Cc 36.7 D
12 1834 St/ Four Corners ~ AWSC 8.4 A 8.6 A 74 A 74 A
13 1834 St/ US 56 TWSC 124(WB) B 134(EB) B 105(EB) B 10.7(EB) B
14 1834StWaveryRd ~ TWSC  120(NB) B 130(SB) B 126(WB) B 11.2(WB) B
15 1834 St/ Gardner Rd Sig 24.6 C 18.9 B 25.7 Cc 305 C
16 US 56/ Four Corners TWSC 158(SB) C 182(NB) C 89(SB) A 92(SB) A
17 1915t St/ US 56 TWSC 11.0(EB) B 114(EB) B 102(EB) B 108(EB) B
18 191st St/ Four Corners  OWSC  10.3 (WB) B 10.0(WB) B Doesnot exist Doesnot exist
19 191sSt/WaverlyRd ~ TWSC ~ 100(SB) A 10.8(SB) B 149(SB) B 228(NB) C
20 Gardner Rd/ 188 St Sig 24.3 C 37.6 D 25.9 Cc 37.9 D
21 |-35 SB/ Gardner Rd Sig 131 B 24.3 Cc 129 B 25.3 C
22 |-35NB/ Gardner Rd Sig 39.9 D 211 C 424 D 28 C
23 Gardner Rd/ E 191t 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 4n St Sig 10.9 B 11.7 B 112 B 12.3 B
26 199" St/ Four Corners  OWSC 20.0 (SB) C 208(SB) C 445(SB) E 517(SB) F
27 1991 St/ Gardner Rd Sig 27.0 C 217 C 27 C 232 C
37 199" St/Waverly Rd OWSC  169(SB) C 211(SB) C 325(SB) D 47.6(SW